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PREFACE 
The Major Units Laboratory at West Virginia University has been 
involved in full-scale diaphragm studies for the past fifteen years. The 
work has covered tests on a wide range of deck panel types, metal building 
wall systems, panels with insulating concrete fill, and plywood assemblies, 
all used as diaphragms, and under static, cyclic, and dynamic loading. 
Connection performance, critical to diaphragm behavior, has been evaluated 
through an extensive test program covering arc-spot (puddle) welds, 
different types of screws, and power driven pins. These have established 
fastener strength limits and have been especially important for defining 
fastener flexibility factors. 
The work has led to logical formulas for both diaphragm strength and 
stiffness predictions with panels of any common configuration once fastener 
types are specified. Shear response can be determined for any diaphragm 
with a new type connector system through simple tests involving only the 
connectors. This is apparent in all general formulas where panel geometry, 
diaphragm layout and fastener response are identified as independent 
variables. 
The test data, forming the basis for the current SDI Diaphragm Design 
Manual, are contained in Reference 27, Steel Deck Diaphragm Studies, which 
is available from the Steel Deck Institute. Though this manual is restricted 
to narrow,intermediate and wide rib steel panel profiles, the general 
approach is not restricted and may be used for other shapes. The arc-spot 
welding tests in Reference 27 have been found in good agreement with 
welding recommendations in Section 4.2.1.2.2 of the 1980 Specification for 
the Design of Cold-Formed Structural Members by the American Iron and 
Steel Institute. The AISI formulas have been used in this manual as noted 
in Appendix III. 
And finally, a salute is in order. It is apparent that project directors 
do only some work and graduate assistants do much of it in a project of this 
scope. There have been many graduate students involved over the years but 
special recognition is given to the work of Dr. Hsin-Tien Huang on which 
much of this manual is based. The contributions of Mr. Donald Moody, through 
his many hours of computer programming and cross checks on my work, have 
been invaluable and are appreciated. 
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DIAPHRAGM SHEAR STRENGTH 
The ultimate strength of steel shear diaphragms is dependent, among 
Jther things, on the type and quality of connections used to attach individual 
Janels to each other and to the structural system. The performance predictions 
Ln any given diaphragm system necessarily must consider panel type, purlin or 
joist spacing connection type, and the arrangement of connections used. It is 
illite obvious, however, that the change of a single variable, such as connection 
type, ought to affect strength only insofar as the connector's qualities are 
:hanged. 
This study addresses tests on some 153 full scale diaphragms, the 
formulas used to predict their strength and the performance of individual 
fasteners. In the latter case, hundreds of tests have been conducted leading 
to reasonable quality assessments for shear strengths of arc-spot welds, 
screws, and two types of power driven steel pins. These two groups of tests 
are then combined, through LRFD methods, leading to approaches for the design 
use of the theoretical strength formulas. 
II. DIAPHRAGM STRENGTH FORMULAS 
Theoretical formulas should reflect panel sizes, support spacing or panel 
span conditions, and fastener quality. If there are sufficiently large 
numbers of closely spaced fasteners in a thin diaphragm, the ultimate strength 
may well be controlled by overall buckling. However, most common diaphragms 
have fasteners that are few and with relatively wide spacing. In this 
situation, the strength of the diaphragm is below a general plate buckling 
2 
load and the failure, under shear force, is either due to shear failures in 
the fasteners, localized bearing failure of sheet material around the 
fasteners, or local shear buckling at panel corners. This will lead to 
significant load redistribution to nearby fasteners, and the attendant 
possibilities of their being overloaded. The ultimate strength for a 
typical open cell or open corrugated roof deck generally is limited by any 
one of three possible failure mechanisms. One involves the longitudinal 
edge of a panel over the line where force transfer is made to the structural 
system or walls at joist ends. The second case involves interior panels, 
particularly force transfer at interior panel to panel or sidelap connections, 
and the third case involves end fasteners across the ends of the panels. 
Fasteners Failure in Edge Members 
For cases where shear strength is dependent on fastener strength, a 
simple model can be established representing any multiple sheet layout such 
as that shown in Figure 1. Consider panel equilibrium along the centerline 












the end distribution factor per panel (see 
Figure 2 for geometry) 
distance from panel centerline to any fastener in 
a panel along the end support members 
purlin distribution factor similar to 
al 
shear strength of sheet-to-frame connection 
number of purlins or joists excluding supports 
panel ends at 
total number ot edge connectors along the edge excluding 
those at the purlins and ends (n = 3 · 1n Figure 2) 
e 
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FIGURE 1 - SCHEMATIC LAYOUT FOR DIAPHRAGM 
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FIGURE 2 - EXTREME EDGE PANEL 
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Equation 1 can be modified to: 
p 
Su = Lu = (2al + npa2 + ne)Qf/L (2) 
Note that the fasteners indicated by ne are presumed of equal quality and 
strength to those at the ends of joists. They might not be for some cases 
and an appropriate modification of the formula would be required to reflect 
this fact. 
Interior Panel Forces 
The examination of an interior panel, as in Figure 3, shows forces Qf 
and Qs along the edges and a force Puw/L transferred from the end member to 
the panel. Interior purlins or joists, normally attached perpendicular to 
beams or walls can transfer little or no axial forces. Considering equilibrium 
about the lower right corner in Figure 3, 
p w 
(-~--) L = 2Me + np~ + nsQsw 
where: 
couple on a purlin 
couple on an end member 
purlin spacing (in.) 




number of sidelap (stitch) connectors not at purlins (panel-to-
panel only) 
The magnitude of fastener forces Fe and F at points away from panel edges 
p 
are difficult to define relative to edge forces Qf. As displacements increase, 
they may well approach values for Qf. The forces are presumed to be linearly 
related, without great consequence, simply due to the number and placement of 
connections involved. 
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FIGURE 3 - INTERIOR PANEL FORCE DISTRIBUTION 
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Thus, taking note of A1, defined below, 
Equation 3 can be rearranged with S = Pu/1 u 
S = _!_ (2M + n M ) 
u wL e P p 
as: 
+net Q /L 
s s f 
(4) 
Qs/Qf' the relative fastener strengths. Then, with substitution, 
l 2 2 Qf (2(A1 - 1) + nsets + ;2 (2npLxp + 4 txe )) ~ (5) 
where \ 1 = 1/(1 + (Ls/135) 2) 
The \ 1 factor is a measure of the edge flute's tendency to deflect normal 
to the diaphragm plane and thus to relieve forces on corner fasteners. It 
appears to depend on the panel moment of inertia as well as purlin spacing. 
For the typical panel with a nominal 1.5 inch depth, the given simple form 
works well. 
Fastener Limitations in End Members 
The third failure mode that could limit strength involves resultant 
forces at panel ends. In Figure 4, the average fastener force along the end 
member is: 
Q =.!:. Pu 
v N L 
where N is the average member of connectors per foot across panels. 
The maximum possible corner fastener force component Q1 is found following 
Equation 5 with A1 taken as unity: 
pu 
Q =-----.~------------
1 nsas + ~2 (2np txp2 + 4 Lxe2) 
The resultant is: 
7 
Q = ; 0 2 + Q 2 
r 1 v 
Letting Qr approach the strength Qf, 
where 
n a + 1 
s s ;z 
L 2 0.5 
2 2 ) } 
(2n Zx + 4Zxe ) p p 
(6) 
The connector strengths for several types of fasteners are given in 
Appendix III. These include welds, screws, and power driven steel pins. 
III. SUGGESTED DESIGN FACTORS FOR WORKING LOADS 
Any suggestion of a design method necessarily must consider probable 
overloads and possible underestimations of available shear strengths. In 
the latter category, connection quality is paramount. Weld quality, 
compared for example to self-drilling screws, is much more difficult to 
control. Using any formula then, based on an average strength approach, 
would require some risk assignment different for each fastener category. 
Indeed, then the ratio of experimental to theoretical shear strength results 
varied from 0.7 to 1.5 in welded diaphragms and from 0.9 to 1.2 in screw 
connected diaphragms. For the latter case with better connection quality, 
variation was less as expected. Some reasonableness can be introduced through 
use of the "Load and Resistance Factor Design" (LRFD) method described by 
Ravindra and Galambos in Reference 33. It is an approach that attempts 
to develop a consistent logic for reliability in the design of structural 
components through the use of probabilistic and statistical techniques. 
A "resistance factor" is incorporated into the design equations for shear 
diaphragms to allow for practical variations in quality that occur in materials 
and workmanship. The "load factor" reflects potential overloads and 
8 
uncertainties inherent in the calculation of the load effects that occur 
during the life of the structure. 
LRFD criteria for shear diaphragms can be expressed by the equation: 
j 
~Su = L ¢k Qkm (7) 
k=l 
The left side of the formula indicates shear resistance and consists of the 
product ~S where ~ is the "shear resistance factor" and S is the "nominal" 
u u 
shear resistance according to the strength formulas presented earlier. The 
right side characterizes the external loads applied to the diaphragm and 
consists of the sum of products 1jJk Qkm where 1jJk is the corresponding "load 
factor" and Qkm is the "mean load effect". 
The factor ~ can be taken in the form: 
5um 1 ~=-g-•-
u ex 
where: x = 0.55 B V 
r r 
Sum = mean resistance 
Su = nominal resistance 
Br = safety index 
Vr = coefficient of variation 
(8) 
Safety index values are usually between 3.0 and 4.5. From the detailed 
considerations of the present data in this investigation, er is taken at 4.0 







Theoretical Results)m (9) 
where Fum and Fvn are the mean and 
J"' JU nominal material yield stresses respectively. 
The coefficient of variation V of 




/v 2 + v 2 + v 2-
m F P (10) 
in which Vm' VF, and Vp are the coefficients of variation for the material 
yield stress, for fabrication, and for the ratio of tests to predicted strength. 
For diaphragms with welded connections, test data are given in Figure 5. 
Other properties are: 
F /F 
ym yn 0.983 with V m 0.10 
VF 0.10 
Test Results 
(Theoretical Results)m = 1 · 131 with Vp 
Then, V = 0.248 and according to Equation 9, 
r 
Sum/Su = (0.983)(1.131) = 1.112 
0.55 S V = 0.55(4.0)(0.248) = 0.546 and 
r r 
¢ = 1.112/e0 • 546 = 0.644 
0.204 
For diaphragms with mechanical fasteners, such as screws (see Figure 6), 
quality control is easier to maintain. In a manner similar to the above, 
F /F = 1.05 ym yn 
( Test Results ) 
Theoretical Results m 
Then, V = 0.170 and 
r 
S /S = 1.09, and 
urn u 




1.038 with vp 0.128 
The "load effect factors" for shear diaphragms are developed using the 
following approaches developed by Galambos (33) : 
j 





























NO.OF TEST 107 
O.IJ 0.6 0.8 1.0 1.2 I.IJ 1.6 
(TEST RESULTS)/(THEORETICAL RESULTS) 




NO.OF TESTS 29 
o.o 0.2 
O.IJ 0.6 0.8 1.0 1.2 I,IJ 1.6 
(TEST RESULTS)/ (THEORETICAL RESULTS) 
1.8 




in which ~E' ~D' ~L• and ~w are load factors representing uncertainties 
in analysis, dead, live and wind loads, respectively. QDm' QLm' and Qwm 
are the mean dead, live and wind load effects. For LRFD, individual load 
factors to be applied when the loads are taken in various combinations 
have been tentatively proposed for the case: 
Dead Load + Sustained Live Load + Maximum Lifetime Wind Load 
The values of the load factors are: ~E = 1.1; wD = 1.1; ~L = 2.0; and 
ww = 1.6. 
Then, Equation 11 becomes: 
j 
Z ~k Qkm = 1.1 (1.1 QDm + 2.0 D + 1.6 Qwm) (12) 
k=l Lm 
For the common case of a diaphragm used as a flat roof, there is usually 
no sustained shear load, shear forces arising from wind only. Then, the 
above reduces to: 
and Equation 7 becomes: 
where: 
j 




1.1 (1.6 Q ) 
wm 
1. 76 Q 
¢ 0.64 for welded diaphragms 
¢ 0.75 for screw connected diaphragms 




Data from simple shear tests are paired or individual fasteners are 
detailed in Appendix III. The LRFD approach to development of ¢f factors 
hold. Figures 7 and 8 show the results from fastener tests resulting in 
the coefficients shown in Table 1. 
For welds: ¢f = 0.73 























NO.OF TESTS 53 
0.0 0.2 o.q 0.6 0.8 1.0 1.2 I . q 1.6 1.8 
{TEST RESULTS)/{THEORETICAL RESULTS) 





NO.OF TESTS 75 
2. 
0.0 0.2 O,ij 0.6 0.8 1.0 1.2 I." 1.6 1.8 2.0 
(TEST RESULTS)/(THEORETICAL RESULTS) 




(Fy) /(F ) 1.028 
m Yn 




















RESISTANCE FACTORS FOR DIRECT SHEAR TESTS 












d . h is strongly dependent on Since the shear strength of a 1ap ragm 
reasonable to relate fastener data on fastener performance, it seems 
test results through a scale factor ~ as: diaphragm 
¢diaphragm= ~¢f 
Then, for welded diaphragms: 
~ = 0.64/0.73 = 0.88 
w 
and for screw connected diaphragms: 
~ = 0.75/0.79 = 0.95 
s 
This approach seems much more logical than the others often used in that 
it allows a separate assessment of fasteners and their reliability. It would 
appear that, when a new fastener type is developed, it's reliability can be 
determined and its effect in diaphragms adequately predicted, through ~ 
factors, without exhaustive full scale tests. 
IV. CONNECTION STUDIES 
The intent of the present experimental work was to produce basic 
information on the strength of connectors in cold-formed steel, such as arc 
spot welds, screws, and power driven pins intended for use in diaphragm 
assemblies. In particular, four programs were developed: 
A) Arc spot welds: Simple shear tests on lapped specimens were made to 
establish strength and stiffness parameters as presented in Appendix III. For 
specimens with sheet steel welded to thicker support members, the tested 
ultimate strength was in good agreement with Section 4.2.1.2.2 of the 1980 AISI 
Specifications (34). Sheet-to-sheet welding, as used in some sidelaps, is not 
recognized by the cited Specifications. In laboratory tests, however, such 
welds generally exhibited strengths about 75% of those for sheet-to-structure 
welds but their quality is quite difficult to control. 
15 
B) Screws: More than eighty simple lapped tests were made using #12 
TEKS and #14 screws to determine value for their strength. These results are 
shown in Figure 3 - 4 of Appendix III. 
C) Ramset NP-55-B-58 Fasteners: Thirty-nine of the direct shear tests 
were made. The strength of these fasteners is shown in Figure 3 - 5 of 
Appendix III. 
D) Power Driven Pins (Pneutek): Twenty-seven lapped tests using 
Pneutek 144 (1/2), 144 (/58) and 144 (3/4) air driven pins were made. Their 
strength is given in Figure 3 - 6 of Appendix III. 
The strength data from simple fastener tests provide a key to diaphragm 
strength predictions and designing. Knowing these parameters allows a complete 
analytical determination of strength without necessarily conducting full-
scale testing. 
This is supported by examination of several hundred full-scale diaphragm 
tests using welded, screwed, power driven pins and mixed fastener type 
diaphragms considered for this paper. 
The Load and Resistance Factor Design (LRFD) method for shear diaphragms 
and fastener connections uses a probabilistic approach that is calibrated to 
shear diaphragm and individual fastener connection tests. The LRFD criteria 
for wind loaded diaphragms and individual fasteners are expressed by: 
¢s u 1.1 (1.6 Qwm) 1.76 Qwm 
16 
As new types of fasteners are developed, the resistance factor ¢ for 
the diaphragm may be replaced by ¢f from fastener tests, where ¢r is 
determined from simple lapped tests and its value compared with known 
values for welded or screwed diaphragms and the proper value of ~ chosen 
so that the need for full-scale diaphragm testing is eliminated or at 
least greatly reduced. It then seems clear that new connectors of 
reliability similar to screws can be related to screw connected diaphragms 
through s~f with the same argument holding for new fasteners of quality 
similar to that for welds. 
Finally then, the required calculated ultimate strength for welded 
diaphragms should be: 
Su = (1.76/0.64) ~ = 2.75 Qwm 
and for screw or power driven pin connected diaphragms: 
su (1. 76/0.75) Q = 2.35 Q 
wm wm 
Diaphragms with mixtures of welds and mechanical connectors most likely 
should be designed for the more critical case. And finally, an example 
calculation is presented in Appendix III. 
V. DESIGN FORMULAS AND TABLES 
For ultimate shear strength of steel diaphragms assemblies from NR, WR, 
or IR deck profiles meeting the Steel Deck Institute shape limitations, the 
shear strength may be controlled by three conditions: 
1. At the termination of the diaphragm along a panel edge, 
fasteners should be placed to correspond to those along 
interior sidelaps. That is, n should equal at least n 
e s• or 
else strength may be limited along h 
t is critical junction 
17 
with the wall or frame to which shear transfer is 
made. For this case and referring to previous 
definitions: 
Su = (2a1 + npa2 + ne) Qf/L 
2. On sidelaps along the length of panels, shear transfer 
will occur through discrete points which are positively 
interconnected by welds, screws, pins or other devices 
for which shear strengths and flexibilities are known. 
For panels away from the longitudinal edge: 
s 
u 
(2 (t-1-1) + nsas + ;2 (2npl:xp 2 + 4Ixe 2)) Q~ 
3. At panel end laps or the end of panel at extreme edges 
of the diaphragm, strength may be controlled by force 
components at panel corners. Letting: 
Then: 
N = the average number of fasteners per 
foot across panel ends, and 
B nsas + ~2 (2npixp2 + 4Ixe2) 
s 
u 
The smallest value from Equations 2, 5, or 6 is the 
controlling ultimate strength. The loading situation 
must be considered when arriving at an allowable working 
load. Following the recommendation in Section V for 






Of the d1·aphragm is assembled with When all are part 
arc spot welds: 
S =S/2.75 des u 
5. When all connections are with power driven pins, screws, 
or combinations: 
s s /2.35 des u 
VI. LIMITING CONDITIONS 
Diaphragm performance can be limited by the quality of connections 
or inattention to details at end and sidewall terminations of the diaphragm. 
1. Welds should be made following AWS Dl.3 Specifications 
2. 
by qualified welding operators. Approximate checks on 
weld quality can be made by placing one end of a long 
panel over a support and attaching it only to that 
support with two welds six inches apart. The far end 
of the panel can be moved in the diaphragm plane by a 
workman until shear distress is noted in the weld. 
The welds should be sufficient to cause local distortions 
in the panel around bofh the welds and should show good 
perimeter contact between welds and the panel. For 22, 
20, and 18 gage panels, the weld should not shear across 
its contact plane on structural supports else the welding 
temperature may have been too low for adequate penetration. 
Screws must be installed exercising care to assure good 
contact between connected parts without "over driving" 
which can lead to stripped thread or damaged screw heads. 
19 
3. Power driven pins and nails must not be "over driven" 
else the rebound can damage surface coatings with the 
result of decreasing withdrawal resistance. 
4. Split or partial panels may be needed to finish the 
diaphragm width, usually at one edge where the 
largest shear forces exist. Such panels should be 
connected to the structure in every valley regardless 
of adjacent fastener patterns. 
5. Force transfers from a diaphragm to a wall or frame is 
critical to the system performance. Care must be 
taken that the wall is adequate for the shear forces 
transferred and that transfer capacity exists. Refer 
to the example in Appendix II. 
Appendix V contains allowable diaphragm shear values for limited 
cases*. Fastener patterns across both interior cross supports and end 
members are identical and defined in Table 5 - 1 of Appendix V. For 
example, a 36/7 pattern describes a 36" wide panel having a total of 7 
fasteners per support over its width. Span lengths in 6" intervals 
are considered with values for one, two and three span conditions. The 
left column gives the number of intermediate sidelap stitch connectors 
for ~ span in the entire system. Extreme edge fasteners are presumed 
to correspond to interior stitch fasteners for these tables. 
The three span case can be used to predict strength for cases with 
three spans with minimal effect. Strengths for the four span 
endix II for sample applications. 
20 
case are about three percent different from the similar three span case 




DIAPHRAGM SHEAR STIFFNESS 
I. INTRODUCTION 
The stiffness of a shear diaphragm is a direct indicator of its 
ability to deform under loads applied in the diaphragm plane. The need 
to predict such deformations becomes particularly important when the 
diaphragm causes interaction between frames, for without it, the assess-
ment of force distribution may not be possible. 
The effective shear stiffness of deck diaphragms may be far below 
that of a thin flat plate of similar plan dimensions and thickness. 
For such a plate at stresses below the critical buckling level, a measure 
of stiffness is the material shear modulus G, where 
G = T/y (15) 
where T is the unit shear stress and y is the shear strain. With progres-
sively thinner plates supported at their edges, an increase in T can lead 
to buckling and a total change in shear displacement characteristics. 
The material property G then is not sufficient to describe shear displace-
ments in thin plate flat diaphragms that can reflect non-linear responses 
with thickness changes. 
The diaphragm in Figure 1 will exhibit some displacement ~ at the 
point of load application. The average shear strain would be y = ~/a 
while the average shear stress over the thickness t would be T = P/Lt. 
fective shear modulus might then be described as 
G = ~ = p a 
eff y Lt X (16) 
22 
The diaphragm shear stiffness is often defined as 
G' G P a 
= t eff = b. L (17) 
k b 1 0 4P and ~ is the corresponding shear where P is ta en at or e ow . u 
displacement. 
The development of parameters affecting G' can be examined as if they 
influence ~ while P is kept constant. Consider Pa/L to be constant and 
for a continuous thin flat panel of plan dimensions a and L with continuous 
attachments on the perimeter (see Figures 1 and 11). The introduction of 
an imperfect sidelap, discontinuous edge attachments, or in-plane bending 
of perimeter members would all reduce the perfection of the system and 
lead to increases in ~. Thus, 6 might be expressed as if it were composed 
of 
/1;:.~ +~ +~ +6 +6 
s d c e m (18) 
where !1s is the shear displacement of a "perfect" diaphragm and all other 
6 values measure increased displacements respectively due to panel warping, 
interior sidelap, edge panel slip and other miscellaneous effects. 
II. SHEAR DISPLACEMENT 6. 
s 
The most optimum corrugated shape for resisting relative displacement 
is shown in Figure 9. The ceil ends are considered covered by an in-plane 
rigid plate such that no end warping develops. Then all fold lines remain 
straight under the load P and the effective shear stiffness is 
G' G d Et 
= t s = 2(1+vJ d s (19) 
where d is the cell pitch, s the developed width around the cell, v is 
Poisson's ratio, and E is the elastic modulus. With all generators 
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FIGURE 10 - WARPING RELAXATION MODEL 
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increased in width from d to s. The case then is made that T = P/Lt and 
or 
Tt Pa/L 
G' = Gt = y = ~ 
2(1+\!) Pa s 
t:.s = Et L d 
(20) 
(21) 
The effective stiffness, indicated in Equation 20, would be reduced 
by any factor that serves to increase displacements while the system is 
maintained under the specified load P. 
III. WARPING DISPLACEMENT 1\d 
The removal of the "end closure" in Figure 9 would allow system 
relaxation by permitting the upper flat element to displace laterally and 
web elements to move generally along their own planes. Local distortions 
would result not unlike those expected from the application of a concentrated 
torque at the ends of an otherwise unwarped cell. The major contribution 
of the end closure is to restrain the top element from lateral movement. 
Removing the enclosure is analogous to imposing the load P' in Figure 10, 
resulting in a lateral movement Ot of the top element, relaxation relative 
to the closed ended cell, and an increase in the relative deflection od 
along the cell edges. 
Resistance to free movement o is through bending across the element 
t 
thickness t and the top element is thus resisted as if it were a beam on 
an elastic foundation, with a stiffness kt. The extension of this approach 
allows measures of 6d for cases with end fasteners in each, every second, 
and every third cell (17). Thus, the warping relaxation affects G' as 
G' = Pa/L Et 
L\s + L\d 2(l+v) ~ + Dn (22) 
25 
where D measures the accumulated warping relaxation for both ends of all 
n 
cells in the system. The n subscript indicates the end fastener positions 
with 1 meaning an end fastener at each lower flat, 2 meaning alternate 
spacings, etc. 
For cases in which end fasteners are not spaced uniformly across any 
panel, a mixed warping constant results. It will replace Dn in Equation 22 
and is defined as 
(23) 
where p1 , p2 , and p3 must add to unity and are the fractions of panel 
widths covered by end fasteners in each, alternate, and every third 
valley positions. 
IV. RELATIVE SLIP AT PANEL EDGES 6c 
Shear forces are transferred through a diaphragm by discrete connections 
of welds, screws or other devices all of which possess some tendencies to 
slip under load. Each type of fastener will have a unique shear flexibility 
factor Sf or Ss depending on whether it is between a panel and structural 
framing or between to overlapping panels. 
The relative slip between adjacent panels is indicated in Figure 11. 
Presuming all framing members to be fairly stiff against in-plane movements, 
fasteners will experience forces in proportion to their distance from the 
panel centerline. Interior fasteners will have forces approximately 2x/w 
times those on panel edges. Noting that the panel slip relative to the 
o whereas, between adjacent panels, it is 2oc, an equilibrium 
c 
along a panel certerline can be written as 
26 
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p (24) 
In this equation, al is a scalar measuring the influence of all end-of-panel 
connectors relative to the highest stressed connector on the panel edge. A 
similar index a 2 is used for interior purlins and 
sf fastener flexibility, sheet-to-structure (in/kip) 
Ss fastener flexibility, sheet-to-sheet (in/kip) 
w panel width (in) 
x = fastener position from panel centerline (in) 
(Zxe)/w across panel ends 
(Zx )/w across interior purlins p 
number of interior purlins 
total number of sheet-to-sheet connectors (stitch connectors) 
along one panel edge 
It should be noted especially that ns does not include those fasteners connecting 
overlapping panels to structural supports. 
If there are nsh panels in a diaphragm of a width a (see Figure 1), the 
total deflection ~c at p due to slip on all interior panel sidelaps is 
and· 
(25) 
At the extreme outer edges of the system, two additional edge lines exist along 
which slip may occur. These may have an insignificant effect relative to a 
~m of many panels. However, presuming these extreme edges to have 
to the perimeter support corresponding to those at interior panel 
28 
(26) 
1 1 . contr1'but1'on to the deflection then is The total edge-of-pane s 1p 




G' = Et 
2(l+v) ~ + Dn + C 
d 
(27) 
The 2Sf/Ss term is relatively close to unity for many fastener combinations 
With the number of intermediate edge connectors ne fixed equal to ns, the 
first bracketed term dominates C H the number of panels is greater than 
about 5. 
Thus, C may be simplified to 
C = 2EtLSf 
a 
The number of panels nsh times their width w1 equals the system width a. 
Then 
2EtL 1 
c = -;-- 8t <za1 + n a + 2n Sf/S ) p 2 s s 
(28) 
Once a particular panel profile, thickness, fastener type and fastener lay-
out are selected, all terms in Equation 28 are fixed except for the panel 
length L. Define 
K _ 2Et ( 1 
1 - w sf ) 
2al + nPa2 + 2ns S/Ss (29) 
Then, the slip relaxation can be expressed as 
29 
C = 12 K1 L (30) 
when L is the panel length in feet. The value K1 is listed as Kl in 
appended tables. 
V. OTHER RELAXATION EFFECTS 
The effects of anchoring diagonal tension forces through weak axis 
bending in perimeter members, or further refinements in the warping term 
Dn make only small contributions to further relaxation. One modest effect 
on profile warping is the position of the first purlin in from the panel 
end. It has a slight influence and retards the warping penetration into 
the system. Depending on the number of evenly spaced interior purlins 
np, the warping effect D is reduced to D A where A is a value slightly 
n n 
less than one. The stiffness of the shear diaphragm then is 
Et G' = ------~~--------
2(l+v) ~ + DnA + c 
VI. STANDARD FORMULAS c' 
(31) 
For typical Steel Deck Institute deck profiles of wide rib, inter-
mediate rib, and narrow rib shapes, the stiffness formulas reduce to 
t = " ' 870 (kips/inch) (32) 0.0295 , G 22 = 3. 78 + DnA + C 
0.0358", ' 1056 (kips/inch) (33) t = G 20 3.78 +DnA + c 
0.0474", ' 
1398 (kips/inch) (34) t G 18 = 3. 78 + DnA + C 
When the number of interior purl ins or joists n is known, A is as follows: p 
n~ I 0 1 2 3 4 5 6 1.00 1.00 0.90 0.80 0.71 0.64 0.58 
30 
D depends On panel profile and end-of-panel The warping constant 
n 
fastener positions. 
D D D is from the following table = --
n 121 L is the total panel length (feet) 
D Values for Warping 
End Valley Spaces 
Type Gage One Two Three 
WR 22 1549 12864 26504 
20 1159 9623 19825 
18 761 6316 13013 
IR 22 2712 14589 29131 
20 2028 10913 21790 
18 1331 7163 14303 
NR 22 4271 15388 29303 
20 3195 11511 21919 
18 2097 7555 14387 
Following Equation 29 and for typical fastener patterns shown in Table 5.1, 
a values are given. Once the fastener types and their flexibility factors 
are established, C =12 K1L is found. The last column in the load tables 
giv~s the appropriate K1 value for use in Equations 30 and 31. 
VII. STIFFNESS EXAMPLE PROBLEM 
Given: a. 22 gage WR deck 30" wide with a 30/4 weld pattern on 
b. 
all cross supports (see Table 5.1, Appendix V) 
3 span condition, np = 2 interior purlins, L = 18', 
and the span L = 6.0' 72" 
s 
c. 5/8" diameter welds at supports and two No. 12 TEKS 
stitch screws per span: n = 3(2) = 6 
s 
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From Appendix V, Table 5 1: 1.60 
From Appendi.x III, Figure 3 7 X 10-3 /33 X 10-3 0.212 
Then with Equati.on 29 and 30: 
K = 2(29.5xl03)(0.0295)(7xl0-3) 
1 30 
1 
(2 (1. 6)+2 (1. 6)+2 (6) (0. 212f) 
= 0.0454 (note K value in shear value table) 
1 
and C = 12 K1L = 12 (0.0454)(18) = 9.81 
From Section VI, with np = 2, A = 0.9 and D1 = 1549 and D3 = 26504 
Three-fifths of the panel has n3 type warping. Thus, the mixed warping value 
is: 





= 10.6 k/in 
3.78 + 76.5 (0.9) + 9.81 
Note the dominance of the D term. When end welds are more closely spaced or 
n 
a different end pattern selected, D11 may be decreased leading to significant 







Diaphragm width perpendicular to pan:l :pan ~irection - may be 
taken as equal to joist length for f1nd1ng G or Su 
Slip relaxation constant 
External diameter of arc-spot weld (inches) 
D D D Panel warping constants 
























Modulus of Elasticity (29,500 ksi) 
Panel yield strength (ksi) 
Elastic modulus in shear (ksi) 
Diaphragm shear stiffness (k/in.) 
Slip relaxation constant 
Panel length (feet) 
Purlin or joist spacing (inches) 
Resisting shear couples at panel ends and purlins 
Number of intermediate sheet- to-structure connections alon g L at 
the diaphragm edge and between purlins 
Number of purlins in length L excluding end purlins 
Number of intermediate side lap connections in length L per panel 
side lap 
The number of panels in the width a 
The average number of connectors per foot along panel ends 
Diaphragm strength (P = S L) 
u u 
Fastener strength , panel-to-frame 
Fastener strength, panel-to-panel 




Fastener flexibility factors 
s 
u 
Diaphragm strength, Pu/L 
s Developed width of plate per pitch d 
t Base metal thickness (inches) 
w Panel width (inches) 
X 
e Distance from panel centerline to fastener at end supports (inches) 
X p Distance from panel centerline to fastener at purlins (inches) 
al, a2 Fastener weighting factors 
y Shear strains 
1::. Total shear displacement 
A Purlin placement factor 
Al 1/ (l+(L /135) 2 ) 
s 
\) Poisson's Ratio 
~ Fastener calibration factor 
T Shear stress 
¢ Shear resistance factor 












Narrow Rib (NR), Intermediate Rib (IR) and Wide Rib (WR) 
shapes meeting SDI definitions 
Weld, pin, nail, screw or other device for which Q and S 
are determined 
Intermediate connections are all those at panel edges not 
lying along a cross support line 
Any part-width panel cut to finish out a system. It should 
be connected in all valleys at supports regardless of 
other fastener patterns 
Interior purlins, joists, or beams excluding those at panel 
ends (see np definition) 
One unit width of deck 
Those intermediate screws connecting panel-to-panel 
The area at the base of a corrugation 
Arc-spot weld meeting AWS Specifications or other appropriat 
welds having known Q and S values 
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APPENDIX II 
Example Strength Determination 
A 22 gage (t = 0.0295") WR Deck 30" wide is assembled into a diaphragm 
using a 30/4 fastener pattern on all supports. The steel is A446 A with a 
minimum Fu = 45 ksi. All purlin connections are 5/8" diameter arc-spot with 
de = d-2t and stitch fasteners are No. 12 TEKS screws. The layout plan is 
given in Figure 2 - 1. 
Edge 




c\ =~LX e 
lbs, Qs = 540 
= (2a1 + n a p 2 
1 
= 30 (9 + 15 
lbs, as = 
+ ne)Q/L 
+ 9 + 15) 
Qs/Qf 
= 1.60 
0.327 (See Appendix III) 
(2) 
a 2 a 1 = 1.60 (See Appendix V, Table 5 - 1 for other a values) 
n 2 interior pur1ins 
p 
n 6 intermediate edge connectors 
e 




(2 X 1.60 + 2 X 1.60 + 6)Qf/L 
12.40 (1653/18) = 1139 lbs/ft 
Interior Panel Check 
1 2 2 Qf s (2(:\1 - 1) + n a + 2 (2n l:x + 4 L:xe )) u s s w p p L 
2:x 2 2 2 152) = 612 and I: (~)2 0.680 (see f.x = 2(9 + p e 
),_1 L8 2 11 <1 + c135) 
72 2 
1/ (1 + (1_35) ) o. 779 
su (2(0.779- 1) + 6(.327) + 2(2)(0.68) + 4(0.68)) Qf 
Q 
6.960 _f = 6.960 .x 1653/18 = 639 1bs/ft 
L 
(5) 
Table 5 - 1) 
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+ l_ (2n Zx 2 + 4Zx 2) 
2 p p e 
w 
7.402 
3/2.5 1.2 (average fasteners per foot) 
1653(1.2)(7.402) 643 lbs/ft 
( 6) 
Design shear for wind load is the smallest of the values above divided by the 
2.75 safety factor since part of the assembly is welded. 
Thus, 
s des 639/2.75 232 lbs/ft 
The same value is shown in the load tables under: 
A30/4 for welds and screws on a three-span condition with the 
number of fasteners at 2 per span for a total n = 6. Adequate provision 
s 
must be made for force transfer to the wall at Section A-A as well as at 
panel ends on other walls. Special blocking may be needed for making shear 
transfer connections at points between purlins on the outer edges. 
The stiffness G' = 10.6 k/in as shown in Section VII of Part II. 
EXTREME EDGE 
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FIGURE 2-1 - SAMPLE PROBLEM LAYOUT 
END PURLIN 
INTER I OR PURLI N 
ROOF MEMBRANE 




STRENGTH MUST EXIST 
AT ALL TRANSFER 
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p = 0.5 (18' x 20') 15 psf = 2700 lbs 
The end walls have in-plane rigidity but negligible twisting 
rigidity about a vertical axis. Further, if the columns do 
not have moment connections at the eave, the roof assembly 
behaves as a shear sensitive simple beam having reactions R 
supplied by the end walls. 
The maximum shear in the roof is in the end diaphragm 
S = P/48 = 2700/48 = 56 PLF < 117 PLF o.k. 
The maximum shear in the end wall diaphragm is 
S = R/48 = 1. 5 P/48= 84 PLF 
The center diaphragm, No. 2, has no shear under the assumed 
conditions and the maximum shear deflection is equal to the 
value at the inner edge of diaphragm No. 1. 
By definition: G' = S ~ following Equation 17. 
!:. 
Then the shear deflection is: 
k 20 ft 
!:. = 0.056 ft 10.42 k/in = 0.11 in. 
The bending deflection formulas for beams or systems acting as 
beams are not applicable for short deep "beams" such as this 
system. However, treating eave members as "flanges" with a 
presumed area A = 5 in2 and ignoring the "web", the moment of 
inertia is: 
I = 2A (~ x 12"/ft.) 2 = 10 (288)2 
2 
2 2 
!:. = P(a)(27a - 4a) = ~ Pa3 
b 24 El 24 El 
(23)(2.7)(2403) 0.001 in 
The bending deflection is small and usually can be ignored. 
Example 3. Check the previous example for the case where wind forces are 
transferred to the eaves as line loads. The "bending" deflection 
is small and will be ignored. 
w = (15 PSF) (18'/2) = 135 PLF 
R = w(60'/2) = 4050 lbs 
S = R/48 = 84 PLF < 117 PFL o. k. 
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FIGURE 2-3: EXAMPLE 3 
Example 4. 
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The shear distortion of an element in the diaphragm is governed 
by the small deflection theory (Figure 2-3). 




shear stress (ksi) 
shear modulus (ksi) 
In the current case and using diaphragm notation: 
~ S shear/unit length 
Y = dx = G'= shear stiffness (k/in) 
where S changes with the distance x along the diaphragm. 
1 dy 1 s dx t:,. X G' 
R wx wA/2 - wx at any point x, s B 1'2 B A/2: t:,. = !1 l (wA/2 - wx)dx at X = = BG' max 
A/2 0 
w !.Ax ~2~ and !1 wA2 BG' L 2 max 8BG' 
0 
For the present case ignoring bending deflection 
max 8 X 48 ft X 10.42 k/in 
(0.135 k/ft)(60 ft)2 
0.12 inches 
smax = 0.084 k/ft 
Compare to the previous example. When there are more bays, the 
two methods used produce answers that tend to converge. 
The three-bay building in Figure 2-4 has the same diaphragm as 
used in Example 2, but the interior frames have moment resistant 
connections at the eaves. 
p 2.7 kips G' = l 0. 4 2 k/ in B 48 ft. 
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When the building deflects laterally, part of the wind load is 
transferred to the foundation through the interior frames and 
part through the roof diaphragms to the endwalls and into the 
foundation. Referring to Figure 2-4(b), the load resisted by the 
frame is proportional to its stiffness k. This value can be 
found by placing a force F = H1 + H2 on the frame, finding 6 
and then k = F/6. This deflection must of course match the 
total diaphragm deflection at the frame under investigation. The 
frame takes loads proportional to deflection providing a spring-
like reaction to the diaphragm as shown in Figure 2-4(c). The end 
wall is considered rigid with respect to interior frames for this 
example. 
The total shear force in the first diaphragm is: 
V1 = R - P/2 = P - F = p - kf'.. 
('., Sa/G' 
vl a a (P - kn) B G' BG' 
ka a ('., (1 + BG') BG' p 
A typical value of k for a light frame may be 1.75 k/in. Then, 
a k (20')(1.75 k/in) _ 
G'b (10.42 k/in)(48') - 0 • 070 
Then (20') (2. 7k) ('., (1 + 0.070) (10.42 k/in)(48') 
1.75 x 0.101 = 0.177 kips F = k6 
0.108 & ('., 
On Section AA: S 
2.70- 0.177 = 2.52 kips 
2.52k/48' = 0.053 k/f < 0.117 k/f 
0.101" 
0. k. 
On Section BB: S (1.5P - F)/48' = 0.081 k/f in end wall. 
Suppose the building in Example 4 is extended by one bay to an 80 
:t. 17ngth. Determine the shear forces in the diaphragms if all 
~nter~or frames have a stiffness k = 1.75 k/in. 
The end wall reaction R is 
R = 2P - Fl - F2 /2 
The shear force in the first diaphragm is 
Vl = R - P/2 = 1.5P - F 0 5 1 - · F2 
45 
P/2 p p p P/2 
r 
1F1 = .. F 2 ;.: F 1 .. ~ -~ 
-wm -mm-
FIGURE 2-5: EXAMPLE 5 
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In the second diaphragm 
Ignoring bending 
V a 
61 = _1_ 
G'B 
a (1.5P - F1 - O.SF2 ) 
G'B 
a (l.SP - kl!.l - 0.5 kl!.z) 
G'B 
v2a _ a 
62 = 6 1 + G'B - 6 1 + 2G'B 
Rearranging equations (a) and (b) 
3 Pa 
2 G'B 
a k 1 p a 
- ~1 + 62 (1 + ~) = 2 G'B 
Using the values from Example 4 to solve Equations 
1.070 61 + 0.035 62 0.162" 
61 + 1.035 6 2 0.054" 
Solving (e) and (f) simultaneously yields 








Then the shears in the first and second diaphragms are: 
(1. 5P 
0.5(P 
1.7561- 1.7562/2) /48 = 0.076 k/ft 
1.7562)/48 = o.o2s k/ft 
(d) 
The mid frame resists an eave force of 1.7562 = 0.34 kips which 
is much less than the force P = 2.7 kips that it would have to 
resist in the absence of roof diaphragms. 
Supports must be provided along the top of the end wall to transfer 
the roof shear force R. For example, masonry block end walls 
would require a very careful treatment to assure force transfer 
from the roof through the joist bearing surface to the wall. 
Merely resting the joist on the wall assures that no effective 
diaphragm is present. 
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Example 6. The non-symmetric roof diaphragm in Figure 2-6 has a length-
to-depth ratio leaving it in the short deep-beam category where 
"beam type" bending deflection formulas do not apply. 
Following the approach in Example 3 and referring to Figure 2-6, 
displacements and shear forces are found as follows. 
For the left section having a depth of 2B: 
!!1.- ~- _1_ 
dx - G'- 2G'B 
5 3 (- qA - qx - - R) 2 5 
At the interior shear wall, ~ 
2A 
0 and 
2G~B J (2 qA - qx - l R) dx 2 5 0 
0 
and R = 2 qA 
2 
It is apparent that the right span yields the same solution 
for R. Using G' = 10.42 k/in as in previous examples, the 
mid-span shear deflections are as follows. 
Left Span Column Line 2: The left span acts as a simple "beam" 
and at any section x from the left, 
* = 2b-B (A - x) 
Substituting the indicated data 
~ 
max 
0.140 k/ft {30 ft) 2 
4 (10.42 k/in) {24 ft) 0.126" 
The maximum diaphragm shear is at the shear walls. 
s =sA= {140){30) - 87.5 lb/ft 
~B 2 {24) 
48 
5@A = 150' 
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FIGURE 2-6: Example 6 
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Right Span: The maximum shear deflection is at 45' from the 
right end. 
dv 1 3 
.=.L = -- (- qA - qx) dx 3G'B 2 
max 
1 3 
3G'B (z of Ax -
(3) (0.140) (30)2 
9 (10.42)(24) 
1.5A 
x2) _ 3qA2 
q 2 - 8G'B 
0 
0.189" 
The maximum diaphragm shear at the outer wall is: 
S = l qA/3B = 87.5 lb/ft 
2 
The roof support beam along column line 3 must be given special 
consideration in that it provides for shear transfer from the 
roof to the 24' shear wall. Adequate provisions must be made for 
beam anchorage at the wall since it transfers an axial force of 
2(48)(87.5) = 8400 lbs. 
The short shear wall itself must be able to transfer roof forces 
to the foundation as: 
R = qA + l qA = 1 (140)(30) 10500 lbs 
2 2 




The following tables and charts show shear strength and flexibility 
values from tests on simple lapped specimens in direct shear. Steel sheet 
thicknesses ranged from 0.024 to 0.070 inches. Tests were either sheet-to-
sheet assemblies or from sheet-to-structural. For the latter case, representing 
connections from sheets to structural frames, backing plates were either 1/4 
or 3/8 inches A36 steel. 
Weld strength comparisons were made on sheet materials exhibiting average 
yield strengths of about 46 ksi and average ultimate strengths of 59 ksi. 
evaluation, the steels were presumed to be the mid-range A446 C with a 
For 
specified minimum Fu =55 ksi. The AISI Specification 4.2.1.2.2 has arc-spot 
weld formulas with the allowable load per weld incorporating a 2.5 factor 
against the ultimate strength Qf. The Qfo values are observed test values 
for welds from sheet to heavier backing steel and Qfp are the predicted 
values of 2.5 times the AISI specified value. Observed to predicted values 
are shown in Tables 3-1 and Figure 3-1. For sheet-to-sheet welds, not 
recognized by the cited specification, Qsp is taken at 0.75 Qfp for comparison 
purposes only in Table 3-2. 
No shear performance criteria were established for button-punched sidelap 
connectors. However, in six diaphragm tests where direct comparisons are 
possible, it appears that button-punch Qs values might reach 30,000 lbs. 
These were from tests where very abrupt and sharp punch indentations were 
made. 
For many cases, the major influence of button punching is simply to 
stabilize the panel edges under diaphragm loading. 
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TABLE 3-1: Panel-to-Structure Welds Strength 
t ( 1) Size (2) F (3) Qfo (4) Qfp (5) Qfo (in.) (in.) hsi) (kips) (bps) Qfp 
---
0.0635 0.85 46.12 6.93 6.04 1.15 
.so 6.55 5.26 1. 25 
.85 6.88 6.04 1.14 
. 65 3.84 4.51 0.85 ( 6) 
0.052 0.80 50.54 5.29 4. 71 1.12 
.80 5.12 4.71 1. 09 
.80 5.29 4.71 1.12 
.65 4.44 3.76 1.18 
. 65 4.44 3.76 1.18 
0.0482 0.85 46.00 4.71 4.68 1.01 
.80 4.28 4.39 0.98 ( 6) 
.85 3.98 4.68 0.85 ( 6) 
0.0343 0. 77 46.00 2.56 2.74 0.93 
.75 2.47 2.97 0.83 
.75 1.86 2.97 0.63 ( 6) 
.70 2.30 2.76 0.83 
.60 2.10 2.35 0.89 
0.0280 0.75 46.40 1. 72 2.04 0.84 ( 6) 
.80 2.23 2. 07 1. 08 
.81 2.22 2.07 1. 07 
.80 2.25 2.07 1. 09 
.80 2.10 2.07 1. 01 
0.0248 0.75 46.72 1.83 1. 64 1.12 
.80 1.87 1. 65 1.13 
.75 1.82 1. 64 1.11 
(1) Base metal thickness 
(2) Apparent external average diameter 
(3) Material yield stress 
(4) Observed strength of weld in shear 
(5) 2.5 x AISI value, est. Fu = 55 ksi 
( 6) Poor fusion on part of perimeter 
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TABLE 3-2: Sheet-to-Sheet Weld Strength 
Qso (4) Qsp (5) Q Size (2) Fk (3) so t (in.) (in) ( si) (kips) (kips) Qsp 
0.0635 0. 77 46.12 4.83 4. 07 1.19 
.80 4.85 4.24 1.14 
.80 4.84 4.24 1.14 
.65 4.00 3.39 1.18 
0.0520 0.80 50.54 4.49 3. 52 1. 28 
.85 4.68 3.76 1.24 
.75 3.95 3.30 1.20 ( 6) 
• 70 3.60 3.06 1.18 
.80 4.40 3.53 1. 25 
0.0482 0.80 46.00 3.41 3.29 1.04 
.80 3.41 3.29 1.04 ( 6) 
.80 3.55 3.29 1. 08 
0.0343 0.60 46.00 1.90 l. 76 1.08 ( 6) 
.75 2.41 2.22 1.09 
.75 2.46 2.22 1.11 
.60 l. 76 1. 76 1.00 
.50 1.47 1.45 1.01 
0.028 0.75 46.40 1.89 1.83 1.03 
.70 l. 63 1. 71 0.95 ( 6) 
.75 1.86 1.83 1.02 
.60 1.40 1.45 0.97 • 60 1.45 1.45 1.00 .65 l. 70 1. 58 1.09 
0.0248 0.45 46.72 0.73 0.95 o. 77 ( 6) .60 1.33 1.30 1.02 .55 1.12 1.19 0.94 .4 7 0.84 l.OO 0.84 .so 0.91 1.12 0.81 
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FIGURE 3-1: Arc-Spot Weld Comparisons 
54 
I I I © I -?-2" -?' I I 
1 I 
T : 
@ © I 2" ~ I I 1 I _l 
\-1" + 2" .,1,. 1" -l I 
+ I 9 9 ~ t f 1/4 OR 3/8" SHEET 
FIGURE 3-2: Sheet-to-Structure Connectors 
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Sheet-to-Sheet (2sl Sheet-to-Sheet {Q5l 
• Two Screw Test - TEK 12 ~ TEK 2 (114) .,.. 
2.5 • a One Screw Test - TEK 12 • AHT6C (114) I I , 
Iii BHTBC ( 114) I ,. 
S~eet-to-Structure {Qfl 
.I ~// I Q "Two Screw Test - TEK 12 
2.0 L IIOne Screw Test- TEK 12 
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FIGURE 3-5 - Shear Strengths for Ramset NP-55-BS8 Driven Through 
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FIGURE 3-6 - Pneutek 144 Pin Strength (Sheet-to-Structure) 
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DIAPHRAGM LOAD TABLES 
Assumptions 
These computer-generated shear strength tables were developed from 
the formulas given in the Strength and Stiffness sections of this manual 
and apply to standard SDI 1-1/2" deep deck configurations. 
The program used to generate the tables includes the following 
simplifying assumptions: 
1. The deck sheet length is assumed to equal the span 
length times the number of spans. 
2. The number of panel edge connectors along the deck span 
is assumed to equal the number of sidelap connectors 
along the deck span. 
3. The fastening pattern (sheet-to-structure) at interior 
supports is the same as at sheet ends. 
Diaphragms With Welds 
Weld strengths are based on Specification 4.1.2.2 of the 1980 AISI 
Specification for the Design of Cold-Formed Steel Structural Members with 
an included 2.5 safety factor. The ultimate weld strength Qf, for the 
specific base metal thicknesses considered here, is 
Q = 2.5(0.88 t d F ) = 2.2t d F f a u a u 
where t the base metal thickness (in) 
d visible weld diameter of 5/8 inches 
d d-2t = 5/8 - 2t 
a 
F 45 ksi for A446 Gr. A and A611 Gr. C. 
u 
then Qf 99t (0.625-2t) 
It is noted that da = d-t for welds through a single thickness and d-2t for 
two panels in a lap. Welds in the latter case are more critical and that 
case is used for the tables. 
Use of Tables 
Shear strength values for 1-1/2" deep deck do not vary with deck profile. 
The :a~les apply to narrow, intermediate and wide rib 1-1/2" deep roof deck, 
prov1d1ng adequate space is available for fastener installation. 
Shear stiffness varies with profile and sheet length. For ease of 
output, a coefficient K1 is defined· the coefficient may be used to determine 
the "C" t · h , erm 1n t e stiffness equation which may in turn be used to 
determine stiffness. 
I. FASTENING PATTERNS / 
A. 36" COVER WIDTH 
-
1. 36n PATTERN 
2. 36/5 PATTERN 
3. 36/4 PATTERN 
4. 36/3 PATTERN 
B. 30" COVER WIDTH .. 
1. 30/6 PATTERN 
2. 30/4 PATTERN 
3. 30/3 PATTERN 
C. 24" COVER WIDTH 
--
1. 24/5 PATTERN 
2. 24/4 PATTERN 
3. 24/3 PATTERN 
TABLE 5.1 Typical Fastener Layouts 
































SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/7 PATTERN 
THICKNESS= • 0295 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 552 489 434 378 334 298 267 241 220 0.08460 
1 650 580 521 474 423 380 341 310 283 0.05863 
2 732 661 600 547 503 461 418 380 347 0.04485 
3 801 730 669 614 567 527 490 449 412 0.03632 
4 858 790 729 674 627 583 545 510 476 0.03052 a-
""' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 436 380 334 292 260 234 210 192 176 0.05640 
1 549 485 432 389 350 316 287 261 240 0.03545 
2 647 578 520 470 430 396 361 330 305 0.02585 
3 729 658 598 545 500 461 429 400 369 0.02034 
4 798 729 667 612 565 523 489 456 427 0.01677 
NO. OF SPANS=3 DR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 392 341 300 265 236 212 1'32 176 161 0.04230 
1 512 44'3 400 360 325 2'34 267 245 227 0.02541 
2 614 547 490 443 405 370 343 314 290 0.01816 
3 703 €>30 570 520 47€> 440 407 380 354 0.01413 
4 77E. 70S e-43 S90 543 503 4E.9 4:36. 409 0.01156 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS <518 IN. DIA> ON A 3E./7 PATTERN 
THICKNESS= .0358 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 E .• o 6.5 7.0 7.5 8.0 K1 
0 514 449 396 352 31E. 287 260 238 218 0.08727 
1 620 5E.1 503 450 405 369 33E. 309 283 O.OE.071 
2 712 650 598 547 496 450 412 380 350 0.04654 
3 794 730 674 E·25 S81 S32 489 450 418 0.03774 
4 865 801 743 692 647 E.07 5E.5 521 485 0.03173 
0\ 
V1 
NO. OF SPANS=2 SPAN 
NO. OF <FT) 
FASTENERS 4.0 4.5 5.0 S.5 E .• o 6.5 7.0 7.S 8.0 K1 
0 396 347 309 278 2SO 229 209 192 178 0.05818 
1 S12 4€.1 416 374 340 310 285 2Eo3 24S 0.03E.74 
2 616 558 S10 469 429 392 3€.1 334 310 0.02685 
3 709 647 594 S49 S0'3 474 438 407 378 0.0211S 
4 790 727 670 621 S80 S41 S07 478 44S 0.01745 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT) 
FASTENERS 4.0 4.S 5.0 S.5 6.0 6.S 7.0 7.S 8.0 K1 
0 3S6 314 280 252 229 209 192 178 165 0. 043E.3 
1 474 427 387 349 318 290 2E·9 249 230 0. 02E.34 
2 581 527 480 440 407 374 345 320 298 0.01887 
3 678 618 5E.S S21 483 4SO 421 390 3E.S 0.014€.9 
4 763 700 E.45 598 SSE. S18 485 45€. 430 0.01203 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/7 PATTERN 
THICKNESS= .0474 INCHES 
NO. OF SPANS=l SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 503 449 401 363 329 301 276 254 234 0.08739 
1 638 570 514 467 427 390 360 332 309 0.06134 
2 758 694 629 572 523 481 445 412 385 0.04726 
3 854 792 738 676 620 572 530 492 460 0.03843 
4 943 878 821 769 718 663 614 572 536 0.03239 
"' 
"' NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 392 352 318 289 265 243 225 209 194 0.05826 
1 527 476 430 394 361 334 310 289 270 0.03720 
2 647 594 545 498 460 425 396 369 345 0.02732 
3 754 696 645 601 556 516 480 449 421 0.02159 
4 850 789 734 687 643 605 565 529 496 0.01784 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 e .• o e .. 5 7.0 7.5 8.0 8.5 9.0 Kl 
0 354 320 290 265 243 225 209 1'34 181 0.04369 
1 490 443 403 369 341 316 294 274 258 0.02669 
2 609 560 51 E. 474 438 407 378 354 332 0.01921 
3 718 661 612 570 534 496 453 434 409 0.01501 
4 818 758 705 E.5a E.lE. 580 547 514 483 0.01231 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/5 PATTERN 
THICKNESS= .0295 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 469 421 381 347 307 272 245 220 200 o. 10152 
1 540 4'32 450 416 383 356 320 290 263 0.06628 
2 5'32 54'3 509 472 440 410 385 360 32'3 0.04920 
3 632 5'32 556 521 489 460 432 409 387 0.03'312 
4 663 627 5'34 561 530 501 474 450 427 0.03247 0' 
....., 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 381 338 301 270 240 216 1'34 176 161 0.06768 
1 472 425 385 350 321 2'36 270 247 227 0.03'360 
2 541 494 454 418 385 358 334 312 2'30 0.0279'3 
3 594 550 510 474 441 412 387 363 343 0.02164 
4 634 594 558 523 4'30 461 434 410 387 0.01764 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 347 305 272 245 218 1'36 178 161 14'3 0.05076 
1 445 3'38 360 327 2'38 274 252 232 214 0.02824 
2 521 474 432 3'38 3E.5 340 316 2'34 276 0.01'356 
3 578 534 4'34 458 425 3'36 370 347 327 0. 0149€. 
4 E·21 581 543 509 476 447 420 3'3E· 374 o. 01211 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/5 PATTERN 
THICKNESS= .0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 452 412 365 325 2'90 261 238 216 1'98 o. 10472 
1 536 4'92 456 421 380 343 314 287 263 0.06867 
2 603 561 523 48'9 458 427 3'90 358 330 0.05108 
3 660 618 580 545 514 485 458 430 3'98 0.04067 
4 705 665 62'9 5'94 563 534 507 481 460 0.03378 
a-
CXl 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 4.0 4.5 5.0 5.5 6.0 e .. 5 7.0 7.5 8.0 K1 
0 358 321 285 256 230 210 1'92 176 163 0.06'981 
1 456 416 381 350 320 2'92 26'9 247 230 0.04107 
2 538 4'96 458 425 3'96 370 345 320 2'96 0.02'909 
3 607 563 525 4'90 460 430 407 383 363 0.02252 
4 661 620 581 547 516 487 460 436 414 0.01837 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 e..5 7.0 7.5 8.0 K1 
0 323 2'90 258 232 210 192 176 1€.3 150 0.05236 
1 427 387 354 325 300 274 254 234 218 0.02929 
2 514 470 434 401 374 34'9 327 305 285 0.02033 
3 585 543 505 470 440 412 38'9 367 347 0.01557 
4 645 603 565 530 498 46'9 443 420 3'98 0.01261 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/5 PATTERN 
THICKNESS= .0474 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 E..O 6.5 7.0 7.5 8.0 8.5 3.0 K1 
0 463 410 363 332 301 274 250 230 212 o. 10487 
1 578 534 481 436 338 365 33E. 303 287 0.06347 
2 E.E-3 620 580 541 434 454 420 383 363 0.05134 
3 73E. E.32 E·52 614 581 545 505 4E.3 438 0.04147 
4 738 754 714 678 643 612 583 543 512 0.03452 
0' 
\D 
NO. OF SPANS=2 SPAN 
NO. OF <FT) 
FASTENERS 5.0 5.5 E .• o 6.5 7.0 7.5 8.0 8.5 3.0 K1 
0 361 325 232 2E·7 243 223 207 132 178 0.06331 
1 483 445 407 370 340 314 292 270 254 0.04163 
2 581 540 501 470 438 405 37E. 350 323 0.023E·4 
3 6€.5 621 583 547 516 487 461 430 405 0.02301 
4 738 634 654 618 583 554 525 500 476 0.01880 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 E..5 7.0 7.5 8.0 8.5 9.0 K1 
0 323 23E. 267 245 225 207 132 180 1E.7 0.05243 
1 443 412 381 34'3 321 2'38 278 258 243 0.02372 
2 550 510 474 443 41E. 383 3E.1 338 318 0.02073 
3 640 SSE. 558 523 432 465 440 41E. 332 0.01532 
4 716 672 E.32 SSE. 5E.3 532 505 480 458 0.01232 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS <5/8 IN. DIA> ON A 36/4 PATTERN 
THICKNESS= .0295 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 352 321 292 260 227 200 178 160 143 0.126'31 
1 423 38'3 358 330 307 281 252 22'3 207 0.07624 
2 467 438 40'3 383 358 336 316 2'38 270 0.05448 
3 500 472 447 423 400 380 360 340 323 0.0423'3 
4 521 500 476 454 434 414 3'34 376 360 0.0346'3 .._, 
0 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 292 258 230 203 180 161 145 130 120 0.084E.O 
1 376 341. 310 283 261 241 220 200 183 0.04485 
2 436 403 372 345 321 300 280 263 247 0.03052 
3 476 44'3 420 3'34 370 34'3 329 310 2'32 0.02312 
4 505 480 45E· 432 410 38'3 3E·9 350 332 0.01861 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 265 234 20'3 185 1E.S 147 132 121 110 0.06345 
1 358 323 2'32 267 245 225 209 1'30 176 0.03177 
2 423 38'3 3E.O 332 307 287 2E·7 250 23E. 0.0211'3 
3 46'3 438 410 383 3E.O 338 318 300 283 0.015'30 
4 500 474 44'3 423 401 380 3E.O 341 323 0.01272 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/4 PATTERN 
THICKI\ESS= • 0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 347 309 26'3 238 210 18'3 16'3 152 138 0.130'31 
1 425 3'32 363 334 300 270 245 223 205 0.07'304 
2 485 454 425 400 376 352 321 2'34 272 0.05661 
3 530 503 47E. 44'3 425 403 383 3E.S 338 0.04409 
4 565 540 514 4'30 4E.'3 447 427 407 38'3 0.03611 
-.J 
,_. 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 274 241 214 1'30 170 154 141 12'3 118 0.08727 
1 36'3 338 310 287 261 238 218 200 185 0.04654 
2 441 410 381 35E. 332 312 2'34 272 252 0.03173 
3 4'38 4E·'9 440 414 38'3 357 34'3 330 312 0.02407 
4 541 512 487 4E.1 438 416 3'3E. 37E. 3e.o 0.01'33'3 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEJ\ERS 4.0 4.5 5.0 5.5 E..O E-.5 7.0 7.5 8.0 K1 
0 247 220 1'3E. 174 158 143 132 121 112 0.06545 
1 347 316 2'90 267 247 227 20'3 1'92 178 0.032'98 
2 425 3'94 365 340 318 2'98 280 263 245 0.02204 
3 487 454 427 400 376 354 33E. 318 301 0.01655 
4 532 503 476 450 427 405 385 365 34'3 0.01325 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/4 PATTERN 
THICKNESS= . 0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 1<1 
0 341 301 269 240 214 194 174 160 145 0.13109 
1 461 425 381 343 312 283 2E.O 238 220 0.08008 
2 540 507 476 449 409 374 345 318 296 0.05765 
3 603 570 540 512 487 463 429 398 370 0.04504 
4 652 E-23 594 567 541 516 494 472 447 0.03695 
....., 
N 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 1<1 
0 270 241 218 196 180 163 150 138 129 0.08739 
1 394 363 330 301 276 254 234 218 203 0.04726 
2 483 450 421 396 372 345 320 298 280 0.03239 
3 558 525 494 467 441 418 398 378 354 0.02463 
4 618 585 554 527 501 478 456 434 416 0.01987 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 1<1 
0 247 221 201 183 167 154 141 132 123 0.06554 
1 369 340 314 287 263 243 227 210 198 0.03352 
2 463 430 401 376 354 334 312 2'30 272 0.02252 
3 541 507 478 450 425 403 381 363 347 0.01695 
4 G03 570 541 512 487 463 441 421 403 0.01359 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/3 PATTERN 
THICKNESS= • 0295 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 283 2E.O 240 221 200 176 156 138 123 0.16'321 
1 323 305 287 270 254 240 227 207 189 0.08'371 
2 347 332 318 303 290 27E. 263 250 240 0.06104 
3 361 350 340 327 314 303 290 280 269 0.04525 
4 372 363 352 343 332 323 312 303 292 0.03723 -._) 
w 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 240 21€- 1% 180 1€-0 143 127 11€- 105 0.11281 
1 300 278 258 240 223 209 19€- 185 169 0.05171 
2 332 316 300 283 267 254 240 227 21€- 0.03354 
3 352 340 327 312 300 287 274 261 250 0.02482 
4 365 356 345 332 321 310 300 28'3 278 0.01'370 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 e..5 7.0 K1 
0 221 1'38 180 1E.3 147 130 118 107 98 0.084€-0 
1 28'3 2G7 247 229 212 1'38 185 172 163 0.03632 
2 327 30'3 290 274 2E·O 245 230 220 207 0.02312 
3 34'3 336 321 307 2'32 280 2E.7 254 243 0. 01E.'3E· 
4 363 352 341 329 318 305 294 283 272 0.01339 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 36/3 PATTERN 
THICKNESS= .0358 INCHES 
NO. OF SPANS=! SPAN 
NO. OF (FT) 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 285 263 238 209 185 1E·3 147 130 118 0.17454 
1 341 321 301 285 269 247 223 203 185 0.09309 
2 378 361 343 329 312 298 285 272 252 0.06347 
3 403 389 374 360 345 332 320 307 2'96 0.04815 
4 420 407 3'96 383 370 360 347 336 325 0.03878 
....... 
+-
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 E .• 5 7.0 7.5 8.0 K1 
0 232 212 1 '30 16'9 152 136 123 112 103 o. 11636 
1 307 285 265 249 232 220 200 185 170 0.05370 
2 354 33E. 318 301 285 270 256 245 232 0.03490 
3 387 370 354 340 325 310 298 285 272 0.02585 
4 409 396 381 369 354 341 330 318 307 0.02053 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 212 192 174 15€. 141 127 116 107 98 0.08727 
1 292 270 252 234 220 205 192 178 1E·5 0.03774 
2 345 327 307 290 274 260 247 234 223 0.02407 
3 381 365 347 332 316 303 289 276 265 0.01767 
4 405 3'90 37E· 3E·3 349 336 323 310 300 0.013'96 
SHEAR DIAPHRAGM DESIGN 
SO! STANDARD DECK WITH WELDED CONNECTIONS ( 5/8 IN. DIA > ON A 36/3 PATTERN 
THICKNESS= .0474 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 E •• o €..5 7.0 7.5 8.0 8.5 '3.0 K1 
0 301 265 234 20'3 185 167 150 136 121 0.17478 
1 383 361 341 312 283 258 234 214 198 0.09452 
2 436 41E· 39E. 378 361 345 320 294 272 0. OE.478 
3 474 4SE. 440 421 405 390 37E· 3E·1 349 0.04927 
4 501 487 470 45E. 441 427 412 398 385 0.03975 
-.j 
\./' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 241 214 1'32 174 158 143 130 121 110 0.11652 
1 338 316 29E. 278 254 234 216 200 187 0. 054E.S 
2 403 381 3E.1 343 325 310 296 280 261 0.03569 
3 450 430 412 394 378 361 347 332 320 0.02650 
4 485 4E·7 450 434 418 403 38'3 374 361 0.02107 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 E..O 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 221 198 178 1E·1 149 136 125 116 107 0.08739 
1 320 2'38 278 2E·1 245 227 210 196 183 0.03843 
2 3'30 369 349 330 312 2'38 283 269 258 0.02463 
3 441 421 401 383 3E.7 350 336 321 309 0.01812 
4 478 460 443 427 410 394 380 367 352 0.01434 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 30/6 PATTERN 
THICKNESS= .0295 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF CFT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 509 447 387 336 296 263 236 212 1'32 0.11281 
1 612 543 487 438 387 345 310 281 256 0.0755'3 
2 700 629 563 518 474 427 387 350 321 0.05684 
3 774 703 641 589 541 501 461 420 385 0.04554 
4 836 767 705 650 603 560 523 489 450 0.0379'3 
'-' 
Q'\ 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 336 345 298 261 232 209 189 170 156 0.07520 
1 516 452 403 361 323 230 263 240 220 0.04540 
2 618 549 4'32 447 407 372 338 309 285 0.03251 
3 705 634 574 523 480 441 409 380 349 0.02533 
4 778 707 645 592 545 505 470 438 410 0.02074 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 3SE· 309 269 236 210 189 172 156 143 0.05640 
1 480 421 374 336 301 272 247 227 203 0.03244 
2 583 521 465 421 383 352 321 296 272 0.02277 
3 e. so G09 550 500 458 421 330 3G3 338 0.01754 
4 ?58 G85 625 5?2 525 48? 450 421 3'94 0.01426 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS <5/8 IN. DIA> ON A 30/6 PATTERN 
THICKNESS= .0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 460 400 352 312 280 252 22'9 207 189 0. 11636 
1 578 518 460 410 369 334 305 278 256 0.07830 
2 674 614 563 507 458 41E· 381 350 323 0.05900 
3 761 698 643 594 547 500 458 421 390 0.04733 
4 838 772 716 665 620 581 534 492 456 0.03952 
--.1 
--.1 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 E .• 5 7.0 7.5 8.0 K1 
0 354 310 276 247 223 203 185 170 158 0.07757 
1 478 429 383 345 312 285 261 241 223 0.04706 
2 585 529 483 441 401 367 338 312 290 0.03378 
3 681 G20 569 525 485 449 414 383 358 0.02634 
4 767 703 647 600 558 521 48'9 456 425 0.02159 
NO. CF SPANS=3 OR MORE SPAN 
NO. CF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 320 281 250 225 203 187 170 158 147 0.05818 
1 443 398 358 321 292 269 247 22'9 212 0.03364 
2 552 500 454 418 381 350 323 300 280 0.02366 
3 652 592 543 soo 463 430 400 372 347 0.01825 
4 741 678 623 576 536 500 469 440 414 0.01485 
SHEAR DIAPHRAGM DESIGN 
SOI STAI\OARO DECK WITH WELDED CONI\ECTIONS < 5/8 IN. DIA> ON A 30/6 PATTERN 
THICKI\ESS= .0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTErERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '9.0 Kl 
0 447 396 354 320 28'9 263 240 220 203 0.11652 
1 581 520 469 423 387 354 325 300 278 0.07917 
2 714 643 581 529 483 443 410 380 354 0.05995 
3 816 754 694 632 580 534 494 460 429 0.04824 
4 907 843 787 736 678 625 580 540 505 0.04036 
-...J 
00 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '9.0 K1 
0 350 314 283 258 234 216 200 185 172 0.07768 
1 485 436 396 361 332 307 283 265 247 0.04768 
2 612 560 509 465 429 396 36'9 343 321 0.03440 
3 721 665 616 570 525 487 454 423 3'98 0.026'90 
4 821 761 707 660 620 578 538 503 472 0.0220'9 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 318 285 260 23b 216 200 185 172 161 0.05826 
1 452 409 372 341 314 290 270 252 236 0.03412 
2 578 529 485 445 410 381 354 332 312 0.02412 
3 ~ 634 587 545 507 472 440 412 387 0.01865 
4 7'90 732 680 634 5'94 558 525 4'32 463 0.01521 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 30/4 PATTERN 
THICKI\ESS= .0295 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5 • .,5 6.0 e .. 5 7.0 K1 
0 434 3'32 356 323 287 254 227 205 185 0.126'31 
1 500 46.() 421 38'3 361 336 303 274 250 0.08167 
2 549 510 476 443 414 38'3 365 343 314 0.06021 
3 583 550 518 489 460 434 409 387 367 0.04768 
4 610 581 552 523 4'98 472 44'9 427 405 0.03'947 .._, 
'-0 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 356 314 281 254 225 201 181 165 150 0.0846.() 
1 441 400 361 330 303 280 258 234 216 0.04866 
2 505 465 427 3% 367 341 318 2'98 280 0.03416 
3 552 514 480 44'9 420 3'92 36'9 347 327 0.02631 
4 587 554 521 4'92 463 438 414 390 370 0.02140 
NO. OF SPANS= 3 OR MORE SPAN 
NO. OF <FT> 
FASTEl'ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 323 285 254 22'9 205 183 167 152 140 0.06345 
1 418 376 340 30'9 283 261 241 221 203 0.0346E· 
2 489 447 409 376 34'3 323 301 281 265 0.02384 
3 540 501 465 434 403 378 354 332 314 0.01817 
4 578 543 510 480 450 425 400 378 358 0.014€>7 
SHEAR DIAPHRAGM DESIGN 
SDI STMDARD DECK WITH IELDED CCN\ECTIONS < 5/8 IN. DIA> ON A 30/4 PATTERN 
THICKI'ESS= • 0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF CFT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 421 385 341 301 270 243 220 200 181 0.13091 
1 501 461 ~ 398 360 325 296 270 249 0.08463 
2 565 527 492 461 432 407 372 343 316 0.06252 
3 616 580 545 514 485 460 436 414 383 0.04957 
4 656 621 590 560 532 505 481 458 438 0.04107 
CXl 
0 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEJ\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 334 301 267 240 216 196 180 165 152 0.08727 
1 430 3'32 360 332 305 278 256 236 218 0.05047 
2 507 469 434 403 378 354 332 307 285 0.03550 
3 570 532 498 467 438 412 389 369 349 0.02738 
4 620 583 550 520 490 463 440 418 398 0.02228 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FA8TEJ£RS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 301 272 243 218 198 180 165 152 141 0.06545 
1 403 367 336 309 287 263 241 223 209 0.03595 
2 485 447 414 383 358 334 314 296 274 0.02478 
3 552 514 480 449 420 394 372 352 332 0.01891 
4 60S S69 S3G S03 476 449 425 403 383 0.01528 
SHEAR DIAPHRAGM DESIGN 
SOI STMDARD DECK WITH &!ELDED CCII\8\ECTIONS C5/8 IN. DIA> ON A 30/4 PATTERN 
THICKI'£SS= • 0474 INCt-ES 
NO. CF SPANS=1 SPAN 
NO. CF <FT> 
FASTEJ'ERS 5.0 5.5 6.o 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 432 383 343 30'3 280 254 230 212 1'34 0.1310'3 
1 543 505 45€. 412 376 343 316 2'32 270 o. 085€.4 
2 
€.25 585 54'3 516 472 434 401 370 345 0.06359 
3 6'32 652 616 583 552 525 485 450 421 0.05057 
4 74'3 710 674 641 610 581 sse. 530 4'36 0.04198 
00 
1-' 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FAS'TEIERS 5.0 5.5 6.o 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 340 303 274 249 227 209 1'32 178 165 0.0873'3 
1 458 423 387 352 323 300 278 258 241 0.05118 
2 550 512 478 44'3 421 38'3 361 338 316 0.03618 
3 630 5'90 sse. 523 4'34 467 443 418 392 0.027'38 
4 6'38 658 621 58'3 558 530 505 481 460 0.02281 
NO. CF SPANS=3 ~ I"'CFlE SPAN 
NO. CF <FT> 
FASTEIERS s.o 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 Kl 
0 30'3 276 250 22'3 210 1'34 180 167 156 0.06554 
1 427 3'32 363 332 307 283 265 247 230 0.0364'3 
2 525 487 454 423 3'38 374 34'3 327 307 0.02528 
3 60'3 56'3 532 501 472 447 423 401 381 0.01'334 
4 680 640 603 570 540 512 487 463 441 0.01566 
SHEAR DIAPHRAGM DESIGN 
SOI STMDARD DECK WITH WELDED CCJ\11\ECTIONS < S/8 IN. DIA> ON A 30/3 PATTERN 
THICKNESS= .0295 INCHES 
MJ. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEI'ERS 3.0 3.5 4.0 4.5 s.o 5.5 6.0 6.5 7.0 K1 
0 310 283 2~ 236 205 180 160 141 127 0.1845'3 
1 365 340 316 2'34 274 258 234 210 190 0.10224 
2 3'38 376 356 336 318 301 285 270 256 0.0706'3 
3 420 401 385 36'3 350 336 320 305 292 0.05403 
4 434 420 405 3'30 376 361 34'3 334 321 0.04372 CXl 
N 
MJ. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI'oERS 3.0 3.5 4.0 4.5 5.0 5.5 6.o 6.5 7.0 K1 
0 258 230 207 185 163 145 130 118 107 0.12306 
1 330 303 278 258 238 221 205 187 170 0.05'333 
2 376 352 330 30'3 2'30 272 256 241 22'3 0.03'30'3 
3 405 387 367 34'3 330 312 2'38 283 26'3 0.02914 
4 425 40'3 3'32 376 360 345 330 316 301 0.02323 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF (FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 236 210 187 16'3 150 134 121 110 100 0.0'322'3 
1 318 28'3 265 243 223 207 1'32 180 165 0.0417'3 
2 36'3 343 320 300 280 261 245 230 218 0.02701 
3 400 380 360 340 321 305 289 274 260 0.019'35 
4 421 40S 387 370 3S4 338 323 30'3 2'34 0.01582 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 30/3 PATTERN 
THICKI\ESS= • 0358 INCHES 
NO. OF SPANS=l SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 307 280 243 214 18'3 169 150 136 121 0.19041 
1 374 349 327 305 278 250 227 207 189 0.10605 
2 423 400 378 358 338 321 303 278 256 0.07349 
3 458 436 418 398 380 363 347 332 318 0.05623 
4 481 463 447 429 412 396 381 367 352 0.04553 
00 
w 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 245 220 194 172 156 140 127 116 107 0.12694 
1 330 305 281 261 245 221 203 187 172 0.06160 
2 3'92 367 343 323 305 287 270 256 240 0.04067 
3 436 412 392 370 352 336 320 303 290 0.03035 
4 465 447 427 409 3'90 374 358 343 329 0.02421 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEIERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 223 201 178 160 143 130 120 109 101 0.09520 
1 314 289 265 247 229 212 196 181 167 0.04341 
2 380 354 332 310 292 274 2GO 245 232 0.02811 
3 427 403 381 361 343 325 309 294 280 0.02079 
4 460 440 420 401 383 367 350 334 321 0.01649 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONI'IECTIONS C5/8 IN. DIA> ON A 30/3 PATTERN 
THICKNESS= .0474 INCHES 
NO. CF SPANS= 1 SPAN 
NO. CF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 309 272 240 214 190 172 154 140 127 0.19067 
1 414 387 354 318 289 261 240 220 201 0.10761 
2 480 454 429 407 385 352 323 300 278 0.07495 
3 529 505 481 460 440 421 403 380 352 0.05750 
4 567 545 523 503 483 465 447 430 414 0.04664 
00 
..,.. 
NO. CF SPANS=2 SPAN 
NO. CF CFT> 
FASTEJ\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 247 220 198 178 161 147 134 123 114 o. 12711 
1 358 332 310 281 258 238 220 203 189 0.06264 
2 436 410 385 363 343 325 305 283 265 0.04156 
3 496 470 447 425 405 385 367 350 336 0.03109 
4 541 520 496 474 454 436 418 401 385 0.02484 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF (FT> 
FASTEI\ERS 5.0 5.5 6.0 E-.5 7.0 7.5 8.0 8.5 9.0 K1 
0 225 201 183 165 150 140 129 118 110 0.09533 
1 338 312 290 270 249 22'3 212 1'38 185 0.04418 
2 421 3'34 370 34'3 32'3 310 2'34 278 261 0.02875 
3 485 458 434 412 392 372 356 340 323 0.02131 
4 S32 s~ 487 4E.S 44S 42S 407 390 374 0.01693 
SHEAR DIAPHRAGM DESIGN 
SDI STMDARD DECK WITH WELDED COI'IItECTIONS (5/8 IN. DIA> ON A 24/5 PATTERN 
THICKI'E:SS= .0295 I NOES 
NO. CF SPANS=1 SPAN 
NO. CF <FT> 
FASTErERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 461 3S8 341 296 260 230 205 185 167 0.16'921 
1 572 505 452 3S8 350 312 281 254 230 0.10637 
2 667 596 538 489 441 394 356 323 296 0.07757 
3 745 674 614 561 516 476 430 392 360 0.06104 
4 812 743 681 6i!.7 580 538 500 461 423 0.05031 00 
Ln 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTEIERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 358 307 265 232 205 183 165 150 136 0.11281 
1 481 421 374 332 2'36 265 240 220 201 0.06310 
2 589 521 467 421 383 347 316 289 265 0.04380 
3 681 610 550 500 458 421 390 358 330 0.03354 
4 758 687 625 572 527 487 452 421 394 0.02717 
NO. CF SPANS=3 ~ ~E SPAN 
NO. CF <FT> 
FASTEI'E:RS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 321 276 240 210 187 167 152 138 127 0.08460 
1 449 392 347 310 278 250 227 207 190 0.04485 
2 561 496 441 398 363 332 301 278 256 0.03052 
3 656 587 52'9 480 438 403 372 347 320 0.02312 
4 738 667 605 552 509 469 436 405 380 0.01861 
SHEAR DIAPHRAGM DESIGN 
SOI STAIIIJARO OECI< WITH t-ELOEO CO'IINECTICJI.IS < 5/8 IN. OIA) ON A 24/5 PATTERN 
THICHJI£88• • 0358 INCJ-ES 
NO. CF SPANS• 1 SPAN 
NO. CF <FT> 
FASTENERS 4.0 4.5 s.o s.s 6.0 6.5 7.0 7.5 8.0 K1 
0 405 352 .309 i!74 243 220 1'98 180 163 0.17454 
1 536 470 416 370 334 301 274 250 229 0.11024 
2 638 580 523 46'9 423 383 350 321 2'96 0.08056 
3 729 665 612 565 512 465 427 3'92 363 0.06347 
4 807 743 687 638 5'94 54'9 503 463 430 0.05236 
00 
o--
NO. CF SPANS=2 SPAN 
I\IJ. OF CFT> 
FASTENERS 4.0 4.5 s.o 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 314 274 243 218 1 '96 178 161 14'3 136 o. 11636 
1 445 3'94 350 314 285 260 238 220 203 0.06545 
2 554 500 456 412 374 343 314 2'90 270 0.04553 
3 654 5'94 543 500 463 425 3'32 363 338 0.034'30 
4 741 680 625 578 536 500 46'3 434 405 0.02830 
NO. OF SPANS=3 OR MORE SPAN 
I'll. CF <FT> 
FASTE.l'IERS 4.0 4.5 s.o 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 283 24'3 221 200 180 165 150 138 12'9 0.08727 
1 412 369 329 2'96 26'3 247 227 210 1'96 0.04654 
2 525 472 430 ~ 358 32'9 303 281 261 0.03173 
3 b27 SE.9 520 478 441 410 380 352 329 0.02407 
4 "718 E.S€. 603 sse. SlE. 481 4SO 423 "3'36 0.01'33'3 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 24/5 PATTERN 
THICKNESS= .0474 INCHES 
NO. OF SPANS=l SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 3'32 347 310 278 250 227 207 18'3 172 0.17478 
1 529 470 423 381 347 318 2'30 26'3 24'3 o. 11161 
2 663 5'34 536 487 445 40'3 376 34'3 323 0.081'37 
3 776 718 64'3 5'30 541 4'38 461 42'3 3'38 0.06478 
4 872 80'3 754 6'36 638 58'3 545 507 474 0.05354 
00 
-...J 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTEIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 309 276 24'3 225 205 18'3 174 160 149 0.11652 
1 445 400 361 330 303 280 258 240 225 0.06640 
2 578 523 476 434 400 370 343 320 300 0.04643 
3 690 634 589 540 496 460 42'9 400 374 0.03569 
4 792 732 681 634 5'34 550 512 480 450 0.0289'9 
NO. CF SPANS=3 OR ~E SPAN 
NO. CF <FT> 
FASTEI'ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 281 252 229 209 190 176 163 150 141 0.0873'3 
1 418 376 341 312 289 267 247 230 216 0.04726 
2 545 500 454 418 385 356 332 310 292 o. 0323'3 
3 660 607 561 521 481 447 418 3'30 367 0.02463 
4 765 707 656 610 572 538 501 470 443 0.01987 
SHEAR DIAPHRAGM DESIGN 
SOI STAN>ARD DECK WITH 1ELDED CIJN\ECTIONS (5/8 IN. OIA> ON A 24/4 PATTERN 
THICKIESS= .0295 INCHES 
NJ. CF SPANS=1 SPAN 
NJ. CF <FT> 
FASTEI'IERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 438 387 341 2'36 260 230 205 185 167 0.16921 
1 527 474 429 390 350 312 281 254 230 0.10637 
2 5'98 547 500 460 423 392 356 323 296 0.07757 
3 654 605 560 518 481 449 420 392 360 0.06104 
4 6'98 652 609 569 532 500 470 443 418 0.05031 co 
co 
NJ. CF SPANS=2 SPAN 
NJ. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 347 303 265 232 205 183 165 150 136 0.11281 
1 454 "403 361 327 2'96 265 240 220 201 0.06310 
2 541 487 441 403 370 341 316 28'9 265 0.04380 
3 609 556 510 470 434 403 376 350 329 0.03354 
4 661 612 56'3 527 490 458 42'3 403 380 0.02717 
NJ. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTe.ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 312 272 240 210 187 167 152 138 127 0.08460 
1 427 376 336 303 276 250 227 207 1'30 0.04485 
2 518 465 420 383 350 323 300 278 256 0.03052 
3 592 540 4'32 452 418 387 360 336 314 0.02312 
4 G4S SS8 SS2 S12 47e. 443 414 38S 3GS 0.018Gl 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS <518 IN. DIA> ON A 24/4 PATTERN 
THICKI\ESS= .0358 INCHES 
NO. CF SPANS=1 SPAN 
NO. OF <FT) 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 405 352 309 274 243 220 1'38 180 163 0.17454 
1 509 463 416 370 334 301 274 250 22'3 0.11024 
2 5'32 545 503 467 423 383 350 321 2'36 0.08056 
3 663 616 572 534 500 465 427 3'32 363 o. 06347 
4 723 676 632 592 558 525 496 463 430 0.05236 
00 
1.0 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTBERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 314 274 243 218 1 '36 178 161 149 136 0.11636 
1 42'3 387 350 314 285 260 238 220 203 0.06545 
2 523 478 438 405 374 343 314 2'30 270 0.04553 
3 605 558 516 478 445 416 3'30 363 338 0.034'30 
4 674 627 583 543 509 478 450 425 401 0.02830 
NO. OF SPMIS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 283 249 221 200 180 165 150 138 129 0.08727 
1 400 360 327 296 269 247 227 210 196 0.04654 
2 500 454 416 383 354 32'3 303 281 261 0.03173 
3 585 536 494 458 427 3'38 374 350 32'3 0.02407 
4 656 60'3 565 527 4'32 461 434 409 387 0.01939 
SHEAR DIAPHRAGM DESIGN 
SOI STAN:>ARD DECK WITH WELDED CDNI\ECTIONS < 5/8 IN. DIA> ON A 24/4 PATTERN 
THICf<IESS= • 0474 INCI-ES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 392 347 310 278 250 227 207 18'3 172 0.17478 
1 529 470 423 381 347 318 290 269 249 0.11161 
2 638 5'32 536 487 445 409 376 349 323 0.081'37 
3 725 676 632 590 541 498 461 429 398 0.06478 
4 801 752 707 667 629 589 545 507 474 0.05354 
\0 
0 
NO. OF SPANS=2 SPAN 
NO. OF CFT> 
FASTEJ\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 30'3 276 249 225 205 18'3 174 160 149 0.11652 
1 445 400 361 330 303 280 258 240 225 0.06640 
2 556 514 476 434 400 370 343 320 300 0.04643 
3 654 607 565 529 4'96 460 429 400 374 0.03569 
4 740 690 647 607 570 540 510 480 450 0.02899 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <i=T> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 281 252 229 209 190 176 163 150 141 0.08739 
1 416 376 341 312 289 2E.7 247 230 216 0.04726 
2 527 485 450 418 385 356 332 310 292 0.03239 
3 629 581 541 505 474 445 418 3'30 *-7 0.02463 
4 716 667 625 585 550 520 4'92 467 443 0.01'987 
SHEAR DIAPHRAGM DESIGN 
SO! STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 24/3 PATTERN 
THICKI\ESS= • 02'35 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 332 2'38 267 230 200 176 156 138 123 0.25382 
1 405 370 340 312 28'3 258 230 207 183 0.13457 
2 456 425 396 363 345 321 303 278 252 0.03156 
3 430 463 438 412 383 367 347 323 312 0.06338 
4 514 432 46'3 447 425 403 385 367 343 0.05585 \0 
I-' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 263 236 20'3 181 160 143 127 116 105 0.16'321 
1 360 325 2'34 26'3 247 225 203 185 163 0.07757 
2 425 3'30 360 332 303 287 263 252 234 0.05031 
3 469 440 410 385 360 338 318 300 283 0.03723 
4 500 474 44'3 425 401 380 360 341 325 0.02955 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEJERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 243 214 189 165 147 130 118 107 38 0.12691 
1 343 307 278 252 230 212 194 176 163 0.05448 
2 412 378 347 320 296 274 256 240 225 0.03469 
3 460 430 401 374 350 327 309 230 274 0.02544 
4 494 467 441 416 394 372 352 332 316 0.0200'3 
SHEAR DIAPHRAGM DESIGN 
801 STAN>ARD DECK WITH WELDED CCNECTICNS (5/8 IN. DIA> CJ\1 A 24/3 PATTERN 
THICKJESSa • 0358 INCf£5 
NJ. CF SPANS• 1 SPAN 
NJ. CF CFT> 
FASTEJERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 316 272 238 209 185 163 147 130 118 0.26182 
1 403 372 34~ 307 274 247 223 203 185 0.13963 
2 469 438 409 383 360 329 300 274 252 0.0'9520 
3 520 489 461 436 412 390 370 345 318 0.07222 
4 556 530 503 480 456 434 414 396 378 0.05818 
\0 
N 
NJ. CF SPANS=2 SPAN 
NJ. CF <FT> 
FASTEJERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 247 216 190 169 152 136 123 112 103 0.17454 
1 349 318 292 267 241 220 200 185 170 0.08056 
2 427 396 367 341 318 298 276 256 238 0.05236 
3 487 456 427 401 378 356 336 318 301 0.03878 
4 532 503 476 450 427 405 385 367 349 0.03080 
NJ. tF SPANS=3 OR MORE SPAN 
NJ. CF <FT> 
FASTEJERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 223 196 174 156 141 127 116 107 98 0.13091 
1 329 300 274 252 230 210 192 178 165 0.05661 
2 412 380 350 327 305 285 267 24'9 232 0.03611 
3 476 443 416 389 365 343 325 307 290 0.026.51 
4 523 4'94 467 441 418 3'9G 374 356 340 0.020'34 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA> ON A 24/3 PATTERN 
THICKNESS= .0474 INCHES 
NO. CF SPANS=l SPAN 
NO. CF <FT) 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 301 2E.S 234 20'3 185 167 150 136 121 0.26218 
1 436 38'3 347 312 283 258 234 214 1'38 0.1417'3 
2 518 485 456 418 380 347 320 2'34 272 0.0'3717 
3 585 552 523 4'34 46'3 438 405 374 34'3 0.073'31 
4 640 60'3 580 550 525 501 480 454 423 0.05'363 
~ 
'-" 
NO. CF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 Kl 
0 241 214 1'32 174 158 143 130 121 110 0.17478 
1 370 338 305 278 254 234 216 200 187 0.081'37 
2 465 432 405 380 350 325 301 280 261 0.05354 
3 543 50'3 480 452 427 405 383 360 338 0.03'375 
4 605 572 543 514 48'3 465 443 423 405 0.03161 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI'ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 221 198 178 161 149 136 125 11E· 107 0.1310'3 
1 347 320 292 267 245 227 210 1'36 183 0.05765 
2 445 414 385 361 340 316 2'34 276 258 0.036'35 
3 527 4'34 463 436 412 3'30 369 350 334 0.0271'3 
4 5'32 560 529 501 476 452 430 410 3'32 0.02151 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONI\ECTIONS < 5/8 IN. DIA. > ON A 36/7 PATTERN 
SIDELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICKI\ESS= • 0295 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 552 489 434 378 334 298 267 241 220 0.08460 
1 598 529 474 421 372 332 300 270 247 0.07649 
2 638 569 512 463 412 369 332 301 274 0.06980 
3 676 607 547 498 452 405 365 332 303 0.06418 1.0 
4 712 641 581 529 485 440 398 361 330 0.05940 .!>-
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 436 380 334 292 260 234 210 192 176 0.05640 
1 487 427 380 33E. 300 269 243 223 203 0.04941 
2 536 470 420 378 340 305 276 252 232 0.04396 
3 581 514 460 414 378 341 309 283 260 0.03'360 
4 623 554 498 450 410 376 341 312 289 0.03€.02 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7 .. 0 K1 
0 3'32 341 300 265 236 212 1'32 176 161 0.04230 
1 447 390 345 309 274 249 225 207 190 0 .. 03649 
2 498 43e. 387 349 314 283 258 236 218 0.0320'9 
3 S4S 480 42'3 38S 3SO 320 2'90 267 245 0.02863 
4 S'30 S2.3 46.""7 42.3 385 3S2. 32.3 2.'36. 2""74 0.02585 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS <518 IN. DIA.> ON A 36/7 PATTERN 
SIDELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICJ<I\ESS= .0358 INCHES 
NO. OF SPANS=l SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 514 449 396 352 316 287 260 238 218 0.08727 
1 567 505 447 400 360 325 296 270 249 0.07861 
2 614 558 498 445 401 365 332 305 281 0.07151 
3 660 601 549 492 443 403 36'9 340 312 0.06559 
4 703 641 589 538 487 443 405 372 345 0.06057 \0 
V1 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.s 7.0 7.5 8.0 1<1 
0 396 347 30'9 278 250 22'3 20'3 1'32 178 0.05818 
1 454 403 360 323 2'32 2E·7 245 227 20'3 0.05073 
2 507 458 410 370 336 307 281 260 241 0.04496 
3 558 505 460 416 378 345 318 294 272 0.04038 
4 607 54'9 501 461 420 385 354 32'3 305 0.03664 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 1<1 
0 356 314 280 252 22'3 20'3 1'32 178 165 0.04363 
1 414 370 330 2'38 270 24'3 22'9 210 1 '96 0.03744 
2 469 421 381 345 314 287 265 245 22'9 0.03279 
3 521 470 427 3'90 356 327 301 280 2E.O 0.02'917 
4 572 516 470 432 3'98 365 338 312 2'32 0.02627 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS < 5/8 IN. DIA. > ON A 3E./7 PATTERN 
SIOELAP CONI\ECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0474 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 1<1 
0 503 44'3 401 363 32'3 301 27E. 254 234 0.0873'3 
1 583 521 46'3 425 387 354 325 300 278 0.07855 
2 663 5'34 536 487 443 407 376 347 323 0.07134 
3 734 667 601 547 501 461 425 394 367 0.06534 
4 792 734 669 60'3 558 514 47E· 441 412 0.06027 
"' 0\ 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 392 352 318 28'3 265 243 225 20'3 1'34 0.05826 
1 472 425 385 350 321 298 276 25€. 240 0.05066 
2 552 438 450 412 380 350 325 303 283 0.04481 
3 621 570 518 474 436 403 376 350 329 0.04018 
4 687 632 585 536 434 458 425 3'38 372 0.03641 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 354 320 290 265 243 225 209 194 181 o. 0436'3 
1 434 392 356 32? 301 2?8 260 241 22? 0.03738 
2 512 465 423 389 358 332 309 289 2?0 0.032€.? 
3 581 534 490 450 414 385 3€>0 336 31€. 0.02'901 
4 E-4'9 S'9E. sso 510 472 438 40'9 383 3GO 0.02608 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA.) ON A 36/5 PATTERN 
SIDELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICKNESS= • 02'35 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 E .• 5 7.0 K1 
0 469 421 381 347 307 272 245 220 200 0.10152 
1 501 454 414 378 347 309 278 250 229 0.0'3006 
2 530 485 443 407 376 345 310 281 256 0.08092 
3 556 510 470 434 401 374 343 310 283 0.07347 
'-D 
4 580 53E· 4'36 4E·O 427 3'38 372 341 312 0.06727 '-l 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 e .. o e..5 7.0 Kl 
0 381 338 301 270 240 21€. 194 17€. 1€.1 0.067E.S 
1 423 378 340 307 280 250 227 20'7 1'30 0.05786 
2 4E·1 414 374 341 312 287 2E.O 238 218 0.05053 
3 4'36 447 407 372 341 316 292 2E·7 245 0.04485 
4 525 478 438 401 370 343 320 298 274 0.04031 
NO. OF SPANS;::3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 e..o E .. 5 7.0 Kl 
0 347 305 272 245 218 196 178 lE-1 149 0.05076 
1 3'32 34'3 312 281 25E. 232 210 1'32 178 0.042€.2 
2 434 387 34'3 31€. 289 265 243 223 205 0.03673 
3 470 423 383 349 320 2'34 272 252 232 0.03227 
4 503 456 414 380 34'3 323 300 280 2€.1 0.02878 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS ( 5/8 IN. DIA. > ON A 3€./5 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS; .0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 452 412 3E.S 325 290 2€.1 238 216 198 0.10472 
1 494 452 41€. 370 332 301 274 250 229 0.09249 
2 532 489 452 416 37€. 340 310 283 261 0.08282 
3 567 523 485 450 418 380 347 318 292 0.07498 
4 598 554 516 481 450 418 383 352 325 0.06850 \0 
00 
NO. OF SPANS=2 SPAN 
.NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 358 321 285 256 230 210 192 17€. 163 0.06981 
1 407 3€.9 33€. 301 274 249 229 210 194 0.05935 
2 452 410 376 347 316 289 265 245 227 0.05161 
3 492 450 414 383 356 327 301 278 258 0.04566 
4 530 489 450 418 389 3€·3 338 312 290 0.04094 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 e..5 7.0 7.5 8.0 Kl 
0 323 290 258 232 210 192 17€. 163 150 0. 0523€. 
1 374 338 307 280 254 232 212 198 183 0.04369 
2 421 383 350 321 29€. 270 249 230 214 0.03749 
3 46.5 425 389 3E·O 332 310 285 265 247 0.03283 
4 S05 453 427 335 357 343 321. 300 278 0.02'31.'3 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONtECTIONS ( 5/8 IN. DIA. ) ON A 36/5 PATTERN 
SIDELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICKI'ESS= • 0474 INCHES 
NO. OF SPANS=l SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 463 410 369 332 301 274 250 230 212 o. 10487 
1 540 483 436 394 358 327 300 276 256 0.09239 
2 594 552 501 456 416 381 350 323 300 0.08257 
3 645 601 561 516 472 434 400 370 345 0.07464 
4 690 647 607 570 529 487 450 418 389 0.06809 \.0 
\.0 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 361 325 292 267 243 223 207 192 178 0.06991 
1 440 3'98 360 329 301 278 256 238 223 0.05'324 
2 501 463 427 38'3 358 330 307 285 267 0.05140 
3 se.o 518 481 450 414 383 356 332 312 0.0453'3 
4 612 570 532 498 469 438 407 380 356 0.04064 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS s.o 5.5 6.o 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 329 2'96 267 245 225 207 192 180 167 0.05243 
1 403 369 334 307 281 261 241 225 212 0.04360 
2 469 430 400 367 340 314 292 272 256 0.03732 
3 529 489 454 423 3'36 367 341 320 300 0.03261 
4 585 543 505 472 443 418 3'32 367 345 0.02897 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS <518 IN. DIA.> ON A 36/4 PATTERN 
SIOELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICKI\ESS= • 0295 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 358 321 292 260 227 200 178 160 143 o. 126'31 
1 38'3 354 323 2'36 267 23€. 210 18'3 170 0.10'34'3 
2 416 381 350 323 300 272 243 220 198 0.0'3627 
3 438 405 376 349 323 301 276 249 227 0.08590 t--' 0 4 458 427 3'38 370 347 325 305 280 254 0.07755 0 
I'IKl. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 e .. 5 7.0 K1 
0 292 258 230 203 180 161 145 130 120 0.08460 
1 332 298 267 243 220 196 178 161 147 0.06980 
2 367 332 301 274 252 232 210 190 174 0.05940 
3 3'38 361 330 305 281 260 241 221 203 0.05170 
4 423 389 358 330 307 285 267 250 230 0.04577 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 265 234 20'3 185 165 147 132 121 110 0.06345 
1 310 276 247 223 203 183 165 150 140 0.05123 
2 34'9 312 283 258 23E. 218 198 181 1G7 0.042'35 
3 381 345 314 28'3 2G5 245 227 212 1~ 0.036'38 
40'3 374 343 3l.G 2'32 270 2S2 236 221 0_03.246 4 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA.) ON A 36/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= • 0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 E .• o 6.5 7.0 7.5 8.0 K1 
0 347 309 2E.9 238 210 189 169 152 138 0.13091 
1 387 354 320 283 254 227 205 187 170 0. 11234 
2 421 389 361 330 296 267 241 220 201 0.09838 
3 452 421 392 367 338 307 278 254 234 0.08751 
4 480 449 420 394 370 345 314 289 265 0.07881 1-' 
0 
1-' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 Eo.O 6.5 7.0 7.5 8.0 K1 
0 274 241 214 190 170 154 141 129 118 0.08727 
1 321 292 265 238 214 194 178 1E·3 150 0.07151 
2 365 332 307 283 256 234 214 196 181 0.06057 
3 403 370 341 318 2"3€· 272 250 230 214 0.05254 
4 436 403 374 349 327 307 287 265 245 0.04638 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 E .• o 6.5 7.0 7.5 8.0 K1 
0 247 220 19E. 174 158 143 132 121 112 0.06545 
1 298 269 245 221 201 183 169 154 143 0.05245 
2 343 312 287 2E·3 243 221 205 189 176 0.04375 
3 383 352 323 300 280 2E.O 241 223 207 0.03753 
4 420 387 358 332 310 290 274 2SE. 240 0.03286 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS <5/8 IN. DIA.) ON A 36/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKI\ESS= • 0474 INCHES 
NO. OF SPANS=1 SPAN 
I\IJ. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 341 301 269 240 214 194 174 160 145 0.13109 
1 421 374 334 301 272 247 225 205 189 0.11216 
2 478 445 401 361 32'9 300 274 252 234 0.09801 
3 523 490 460 423 387 354 325 300 278 0.08703 
4 563 530 501 472 443 407 374 347 321 0.07826 ~ 0 
N 
NO. OF SPANS=2 SPAN 
I\IJ. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 t<1 
0 270 241 218 1'36 180 163 150 138 129 0.08739 
1 350 314 285 258 236 216 200 185 172 0.07134 
2 410 380 350 320 292 270 250 232 216 0.06027 
3 465 432 403 378 350 323 300 280 261 0.05217 
4 512 480 449 423 398 376 350 327 305 0.04599 
NO. OF SPANS=3 OR MORE SPAN 
I\IJ. OF <FT> 
FASTEI'IERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 247 221 201 183 167 154 141 132 123 0.06554 
1 325 294 267 243 225 207 192 178 167 0.05230 
2 387 358 332 305 281 260 241 225 210 0.04351 
3 443 410 383 358 336 314 292 272 256 0.03725 
4 492 460 430 405 381 360 340 320 300 0.03256 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA.> ON A 36/3 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .02'35 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 E..S 7.0 K1 
0 283 2E.O 240 221 200 176 156 138 123 0.16'321 
1 303 283 263 245 229 212 18'3 1E·'3 152 0.13'360 
2 320 301 281 265 24'3 234 221 1'38 180 0. 11881 
3 332 31E. 2'38 281 267 252 240 227 207 0.10340 f-' 0 
4 343 327 312 2'3€· 281 269 254 243 230 0.0'3154 ....., 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 E .• o 6.5 7.0 K1 
0 240 21€. 1 '3E. 180 160 143 127 116 105 0.11281 
1 270 247 227 209 192 178 160 145 132 0.08793 
2 2'32 270 250 234 218 203 189 176 161 0.07205 
3 312 292 272 254 240 223 210 1'38 187 0.06102 
4 325 307 2'30 274 258 243 230 218 207 0.052'32 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 E .• o 6.5 7.0 K1 
0 221 198 180 1E.3 147 130 118 107 98 0.08460 
1 25E· 232 210 1'34 178 165 150 138 127 0.06418 
2 281 2€.0 240 221 205 190 178 1E·7 154 0.05170 
3 303 281 261 245 22'3 214 200 18'3 178 0.04328 
4 320 300 281 265 24'3 234 220 209 198 0.03722 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS ( 5/8 IN. DIA. > ON A 36/3 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= • 0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 285 263 238 20'3 185 163 147 130 118 0.17454 
1 314 294 274 256 227 203 183 165 150 0.14303 
2 340 318 300 283 267 243 220 200 181 0.12115 
3 358 340 321 305 28'3 274 256 232 214 0.10508 
4 374 358 340 325 30'3 234 281 267 245 0.09277 I-' 0 
.p-
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 232 212 190 169 152 136 123 112 103 0.11636 
1 270 250 230 214 194 176 160 147 136 0.08993 
2 303 281 263 245 230 214 1'36 181 167 0.0732'3 
3 329 309 290 272 256 241 223 214 200 0.06184 
4 350 332 314 296 280 265 252 240 22'3 0.0534'3 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 212 1'32 174 156 141 127 116 107 98 0.08727 
1 254 232 214 138 183 167 152 141 130 0.06559 
2 289 2E.7 24'3 230 216 203 18'3 174 161 0.05254 
3 318 2'38 278 260 245 230 218 205 1 '34 0.04382 
4 341 321 303 285 270 2SE. 241 229 218 0.03758 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH IELOEO CONI\ECTIONS < 5/8 IN. OIA. > ON A 36/3 PATTERN 
SIDELAP CONNECTORS ARE #12 l-EX HEAD SCREWS 
THICKIIESS= • 0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF (FT> 
FASTEIIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 Kl 
0 301 265 234 20'3 185 167 150 136 121 0.17478 
1 356 334 301 270 243 220 200 181 167 0.14268 
2 3'34 372 352 330 300 274 250 22'3 210 0.12054 
3 425 405 385 367 350 327 300 276 256 0.10435 
4 450 432 412 3'36 378 363 347 323 300 0.0'31'3'3 .... 0 
Ul 
NO. OF SPANS=2 SPAN 
NO. OF <FT) 
FASTEIIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 241 214 1'32 174 158 143 130 121 110 0.11652 
1 303 281 260 236 214 1'36 181 167 156 0.08'363 
2 350 32'3 30'3 2'30 272 250 230 214 200 0.07282 
3 3'30 36'3 347 32'3 312 2'36 281 261 245 0.06132 
4 421 401 381 363 345 330 314 301 28'3 0.052'36 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEIIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 221 1'38 178 161 14'3 136 125 116 107 0.0873'3 
1 283 263 245 223 205 18'3 176 163 152 0.06534 
2 334 312 2'32 274 258 243 225 210 1 '36 0.05217 
3 376 354 334 316 2'38 283 26'3 256 241 0.04342 4 410 38'3 36'3 350 334 318 303 28'3 276 0.03718 
SHEAR DIAPHRAGM DESIGN 
SOl STAI'IDARO DECK WITH WELDED Cf.JM\ECTIONS < 5/8 IN. OIA. ) ON A 30/6 PATTERN 
SIOELAP CCINI\ECTffiS ARE #12 HEX HEAD SCREWS 
THICKI'ESS= • 0295 INCHES 
NO. OF SPANS=l SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 50'3 447 387 336 296 2E.3 236 212 1'32 0.11281 
1 556 4'30 436 380 336 300 26'3 243 220 0.100'31 
2 600 532 476 423 37E· 334 301 272 243 0.0'312'3 
3 640 570 512 465 414 370 334 303 276 0.08334 f-' 
4 678 60'3 543 4'38 454 305 0.07666 0 407 367 332 0' 
NO. OF SPANS:2 SPAN 
NO. OF CFT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 336 345 238 261 232 20'3 18'3 170 156 0.07520 
1 450 334 347 305 272 243 221 201 183 0.064'3'3 
2 501 440 3'30 34'3 310 280 254 230 212 0.05722 
3 54'3 483 432 38'3 350 316 287 261 240 0.05111 
4 532 525 470 425 387 350 320 2'32 26'3 0.04€.18 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT) 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 E .• 5 7.0 Kl 
0 356 30'3 26'3 236 210 189 172 156 143 0.05640 
1 412 360 318 280 250 225 205 187 172 0.047'33 
2 465 407 3E.l 323 28'3 2E.1 238 218 200 0.04167 
3 514 4S2 403 3€.1 32'3 2Sb 270 247 229 0.03E.8S 
4 SE-1 4'3E. 443 400 3E.3 332 303 278 256 0-03304 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA.> ON A 30/6 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 460 400 352 312 280 252 229 207 18'3 0. 11€.36 
1 523 45E. 403 360 321 2'30 265 241 221 0.10367 
2 572 512 454 405 3E·5 330 301 276 252 0.09347 
3 E·21 5€.3 505 452 407 369 338 309 285 0.08510 
4 GG7 607 554 4'38 449 40'3 374 343 316 0.07811 ,.... 0 
-....J 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 354 310 276 247 223 203 185 170 158 0.07757 
1 418 3G7 327 2'32 2E·5 241 221 203 189 0.0666'3 
2 472 423 378 340 307 281 258 238 221 0.05848 
3 525 474 42'3 385 350 320 2'34 272 252 0.05207 
4 57E· 520 474 432 3'32 3GO 330 305 285 0.04G'33 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 e .. 5 7.0 7.5 8.0 K1 
0 320 281 250 225 203 187 170 158 147 0.05818 
1 381 338 301 270 247 225 207 1'32 178 0.04'315 
2 438 392 352 318 289 2E.5 243 225 210 0.04255 
3 4'30 441 401 363 330 303 280 260 241 0.03751 
4 543 4'30 445 40'3 374 343 31G 2'34 274 0.03354 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA.> ON A 30/6 PATTERN 
SIDELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICKNESS= .0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 447 396 354 320 289 263 240 220 203 0.11652 
1 527 469 421 381 347 316 290 267 247 0.10357 
2 607 541 489 443 403 370 340 314 292 0.09321 
3 687 614 554 505 461 423 390 361 336 0.08474 
4 752 687 621 565 518 476 440 409 380 0.07768 I-' 0 
CXl 
NO. CF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 350 314 283 258 234 216 200 185 172 0.07768 
1 430 387 349 318 292 269 249 232 216 0.06658 
2 510 460 416 380 349 323 300 278 260 0.05826 
3 587 532 483 441 407 376 34'9 325 305 0.05178 
4 652 600 549 503 463 42'9 400 372 349 0.04661 
NO. CF SPANS=3 OR MORE SPAN 
NO. CF <FT> 
FASTEI'IERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 318 285 260 236 216 200 185 172 161 0.05826 
1 398 358 325 298 274 254 236 220 205 0.04'906 
2 478 430 3'92 360 330 307 285 267 250 0.04237 
3 sso 503 460 421 389 360 336 314 294 0.03728 
4 618 56.7 S25 483 445 414 385 361 340 0.03329 
SHEAR DIAPHRAGM DESIGN 
SO! STANDARD DECK WITH WELDED CONNECTIONS C5/8 IN. DIA. > ON A 30/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0295 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 434 392 356 323 287 254 227 205 185 0.12691 
1 465 423 387 354 327 290 260 234 214 0.11205 
2 492 450 414 381 352 327 292 265 241 0.10031 
3 516 476 440 407 378 352 325 296 2€.9 0.09079 ...... 0 4 538 500 463 430 401 376 352 325 298 0.08293 1.0 
NO. OF SPANS=2 SPAN 
NO. CF <FT> 
FASTEI'ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 356 314 281 254 225 201 181 165 150 0.084€.0 
1 3'9€. 354 318 28'3 265 238 214 1'96 180 0.07189 
2 432 38'3 352 321 294 272 247 225 207 0.06250 
3 463 421 383 352 323 300 278 256 234 0.05528 
4 490 44'9 412 380 350 325 303 283 263 0.04956 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 323 285 254 22'9 205 183 167 152 140 0.06345 
1 36'9 327 294 2€.5 241 220 200 181 167 0.052'92 
2 407 365 329 300 274 252 232 212 1'96 0.04539 
3 441 400 363 330 303 281 2€.0 243 223 0.03974 4 472 430 392 360 332 309 287 267 250 0.03534 
SHEAR DIAPHRAGM DESIGN 
SDI STMDARD DECK WITH WELDED CIJI\r£CTIDNS < 5/8 IN. DIA. > ON A 30/4 PATTERN 
SIDELAP CONr'IECT~S ARE *12 HEX HEAD SCREWS 
THICKNESS== • 0358 INCHES 
NO. OF SPANS=l SPAN 
NO. OF <FT> 
FASTEF\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 421 385 341 301 270 243 220 200 181 0.13091 
1 461 423 390 34'9 312 281 256 234 214 0.11506 
2 498 460 425 394 356 321 292 267 245 0.10263 
3 530 490 456 425 398 361 329 301 278 0.09263 
4 560 521 487 454 427 400 365 336 309 0.08440 1-' 1-' 
0 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTEI\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 334 301 267 240 216 196 180 165 152 0.08727 
1 381 347 318 285 258 236 216 198 183 0.07373 
2 425 389 356 329 301 274 252 232 216 0.06383 
3 465 427 394 365 340 314 289 267 247 0.05627 
4 501 461 429 398 370 347 325 300 280 0.05031 
NO. OF SPANS=3 OR MORE sPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 E .• 5 7.0 7.5 8.0 K1 
0 301 272 243 218 198 180 165 152 141 0.06545 
1 352 320 290 265 240 220 201 187 172 0.05424 
2 398 363 332 305 283 258 238 220 205 0.04631 
3 440 403 370 341 318 296 274 254 236 0.04041 
4 478 440 407 376 350 32'3 307 28'3 2E.'9 0.03583 
SHEAR DIAPHRAGM DESIGN 
SOI STMDARD DECK WITH WELDED CONNECTIONS < 5/8 IN. DIA.) ON A 30/4 PATTERN 
SIDELAP CONI'IECTORS ARE #12 l-EX l-EAD SCREWS 
THICt<I'IESS= • 0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTEl\ERS 5.0 5.5 6.o 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 432 383 343 309 280 254 230 212 194 0.13109 
1 505 456 410 370 336 307 281 260 240 0.11492 
2 558 520 476 432 394 360 330 305 283 0. 10231 
3 607 567 532 492 450 414 381 352 329 0.09219 
4 650 610 574 541 507 467 430 400 372 0.08389 ...... 
...... 
...... 
NO. CF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI'ERS 5.0 5.5 6.o 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 340 303 274 249 227 209 192 178 165 0.08739 
1 414 376 340 310 285 261 241 225 210 0.07359 
2 476 440 407 372 341 316 292 272 254 0.06355 
3 530 492 460 430 398 369 341 320 300 0.05593 
4 581 541 507 476 449 421 392 367 343 0.04993 
NO. CF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI'ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 309 276 250 229 210 194 180 167 156 0.06554 
1 381 349 318 290 267 247 229 214 200 0.05412 
2 445 410 380 352 325 300 280 261 245 0.04609 
3 503 467 434 405 380 354 329 309 289 0.04014 
4 556 518 483 452 425 401 380 356 334 0.03555 
SHEAR DIAPHRAGM DESIGN 
SDI STMDARD DECK WITH WELDED CCN\ECTIONS < 5/8 IN. DIA. > ON A 30/3 PATTERN 
SIDELAP CCJr'II\ECTORS ARE # 12 HEX HEAD SCREWS 
THICKJESS= • 02'95 INCHES 
NO. CF SPANS= 1 SPAN 
NO. CF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 1<1 
0 310 283 258 236 205 180 160 141 127 0.18459 
1 338 310 285 263 245 216 192 172 154 0.15475 
2 358 332 309 287 269 250 225 203 183 0.13321 
3 376 352 330 309 289 272 256 232 210 0.11694 ~ ~ 
4 390 369 347 327 309 290 274 260 240 0.10421 N 
NO. OF SPANS=2 SPAN 
NO. CF <FT> 
FASTEJERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 1<1 
0 258 230 207 185 163 145 130 118 107 0.12306 
1 294 265 241 220 201 181 163 149 136 0.09789 
2 323 2'96 270 249 230 214 196 178 163 0.08127 
3 347 321 296 274 256 238 223 209 190 0.06'347 
4 367 341 318 2'38 278 260 245 230 218 0.06066 
NO. CF SPANS=3 OR MORE SPAN 
NO. CF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 e..o 6.5 7.0 1<1 
0 236 210 187 16'3 150 134 121 110 100 0.0922'3 
1 276 247 223 203 187 170 154 140 12'3 0.07159 
2 309 280 25G 234 21G 200 185 170 156. 0.05847 
3 33G 309 283 2G1 243 225 210 198 185 0.04941 
4 358 330 307 285 2€.-7 249 232 220 20? 0.042?9 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH WELDED CONNECTIONS <518 IN. DIA.> ON A 30/3 PATTERN 
SIOELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICKtESS= .0358 INCHES 
NO. CF SPANS= 1 SPAN 
NO. CF <FT> 
FASTBERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 307 280 243 214 183 163 150 136 121 0. 1 '3041 
1 341 316 292 260 232 207 187 16'3 154 0.15863 
2 372 347 323 301 274 247 223 203 185 0.13534 
3 338 372 350 329 310 287 260 238 218 o. 11833 
4 420 336 374 352 334 316 2'36 270 243 0.10570 ..... 
..... 
w 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 245 220 134 172 156 140 127 116 107 0.12634 
1 283 265 243 220 198 180 163 150 138 0.10018 
2 327 301 280 260 240 218 200 183 170 0.08274 
3 360 334 310 290 270 254 236 218 201 0.07047 
4 387 361 340 318 300 281 267 252 234 0.06137 
NO. CF SPANS=3 OR MORE SPAN 
NO. CF <FT> 
FASTEJERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 223 201 178 160 143 130 120 10'3 101 0.0'3520 
1 269 245 225 205 187 170 156 143 132 0.07320 
2 310 285 261 243 225 209 192 178 165 0.05946 
3 345 320 2<36 276 258 241 227 210 1% 0.05007 
4 374 349 325 305 287 263 254 240 227 0.04323 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH "''::LDED CCJNt\ECTIONS < 5/8 IN. OIA. > ON A 30/3 PATTERN 
SIOELAP CONr'ECTCRS ARE #12 l-EX HEAD SCREWS 
THICKI'£85= • 0474 INCI-ES 
1\[1. CF SPANS=1 SPAN 
P!Rs~s 5.0 5.5 e..o e..5 7.0 <FT-t.5 8.0 8.5 9.0 K1 
0 309 272 240 214 190 172 154 140 127 0.1906.7 
1 381 345 307 276. 249 225 205 187 170 0.15829 
2 427 400 374 338 305 278 254 234 216 0.13531 
3 465 440 416 392 363 332 305 281 26.0 0.11816 
4 500 474 449 427 407 385 354 327 303 0.10487 t-' 
t-' 
.,.. 
1\[1. CF SPANS=2 SPAN 
MJ. CF CFT> 
FASTEJ\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 247 220 198 178 161 147 134 123 114 0.12711 
1 320 2'92 263 240 218 200 185 170 158 0.09987 
2 374 347 325 301 276 254 234 218 203 0.08225 
3 420 394 370 34'9 329 307 285 265 247 o. 069'91 
4 460 434 409 387 357 349 330 312 292 0.06079 
1\[1. OF SPANS= 3 ffi MORE SPAN 
1\[1. OF <FT) 
FASTEI'ERS 5.0 5.5 6.0 G.5 7.0 7.5 8.0 8.5 9.0 K1 
0 225 201 183 165 150 140 129 118 110 0.09533 
1 298 274 249 227 209 192 178 1E.5 154 0.07295 
2 354 329 307 287 265 245 229 212 200 0.05'308 
3 403 376 352 332 312 2% 278 2b0 243 0.04%4 
4 445 420 394 372 352 334 318 301 289 0.04280 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA.> ON A 24/5 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX .-EAD SCREWS 
THICKI'IESS= • 02'35 INCHES 
NJ. IF SPANS=1 SPAN 
NJ. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 46.1 398 341 2'36 260 230 205 185 16.7 0.16.921 
1 512 450 390 340 300 267 238 214 194 0.14825 
2 560 494 440 383 340 301 270 245 223 0.13190 
3 603 534 480 427 378 338 303 276 250 0.11881 1-' 1-' 4 643 574 516. 469 418 374 336 305 278 0.10807 VI 
NO. CF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 358 307 265 232 205 183 165 150 136 0.11281 
1 414 360 314 276 245 220 198 180 165 0.09491 
2 467 409 361 320 283 254 230 210 192 0.081'31 
3 516 454 403 363 323 2'30 263 240 221 0.07205 
4 563 4'38 443 400 361 327 2'36 270 24'9 0.06430 
NO. IF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 321 276 240 210 187 167 152 138 127 0.08460 
1 378 32'9 289 254 227 203 185 16'9 154 0.06980 
2 432 378 334 2'98 265 240 218 200 183 0.05'940 
3 485 425 378 340 305 274 250 22'9 210 0.05170 
4 534 470 418 376 341 310 283 260 240 0.04577 
SHEAR DIAPHRAGM DESIGN 
SDI STAN>ARD DECK WITH WELDED CClf\1\ECTIONS < 5/8 IN. DIA. > ON A 24/5 PATTERN 
SIOELAP CCN£CTORS ARE 4U2 l-EX HEAD SCREWS 
THICKNESS• .0358 INCt-£S 
NJ. CF SPANS= 1 SPAN 
NJ. CF (FT) 
FASTDERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 f<1 
0 405 352 309 274 243 220 198 180 163 0.17454 
1 469 409 360 320 287 258 234 212 194 0.15219 
2 530 465 410 367 329 298 270 247 227 0.13490 
3 581 521 461 412 370 336 307 281 258 0.12115 
4 62"3 570 512 460 414 376 343 314 290 0.10994 1-' 1-' 
a-
NJ. cF SPANS=2 SPAN 
NJ. CF <FT> 
FASTEIERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 f<1 
0 314 274 243 218 196 178 161 149 136 0.11636 
1 378 332 294 263 238 218 198 183 169 0.0'3730 
2 440 389 345 310 281 256 234 216 200 0.08361 
3 492 443 396 356 323 296 270 250 232 0.07329 
4 543 490 447 403 365 334 307 285 263 0.06524 
NO. OF SPANS=3 OR MORE sPAN 
NO. OF <FT> 
FASTEI\ERS 4.0 4.5 5.0 s.s 6.o 6.5 7.0 7.5 8.0 K1 
0 283 24'3 221 200 180 165 150 138 12'3 0.08727 
1 347 305 272 245 223 203 187 172 160 0.07151 
2 407 361 323 292 265 243 223 207 1'32 0.06057 
3 461 414 374 338 307 281 2GO 240 223 0.05254 
4 514 4G3 421 385 350 321 2'36 274 25€. 0.04638 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH WELDED CONNECTIONS <518 IN. DIA.> ON A 24/5 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX l-EAD SCREWS 
THICKI'ESS= • 0474 INCI-ES 
NJ. CF SPANS=1 SPAN 
NJ. CF <FT> 
FASTEI'ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 392 347 310 278 250 227 207 189 172 0.17478 
1 472 420 376 340 307 280 256 236 218 0.15198 
2 552 492 443 401 3€.5 334 307 283 261 0.13445 
3 632 565 510 463 421 387 356 329 305 o. 12054 
4 710 €.38 576. 523 480 440 407 376. 350 0.10924 I-' I-' 
....... 
NJ. CF SPANS=2 SPAN 
NJ. CF <FT> 
FASTEJ\ERS 5.0 5.5 e..o e..5 7.0 7.5 8.0 8.5 9.0 K1 
0 309 276. 249 225 205 189 174 160 149 0.116.52 
1 389 349 316. 287 263 241 223 207 194 0.09710 
2 46.9 421 381 349 320 296. 274 254 238 0.08323 
3 549 494 449 410 378 349 323 301 281 0.07282 
4 620 567 516. 472 434 401 374 349 327 0.06473 
NO. CF SPANS=3 ~ ~E SPAN 
NJ. CF <FT> 
FASTEJIERS 5.0 5.5 e..o e..5 7.0 7.5 8.0 8.5 9.0 K1 
0 281 252 229 209 190 176. 16.3 150 141 0.08739 
1 361 325 2'96 270 249 229 212 198 185 0.07134 
2 441 3'98 361 332 305 283 26.3 245 230 O.OE.027 
3 518 470 429 392 363 336 312 292 274 0.05217 
4 587 540 496. 454 420 389 363 340 320 0.04599 
SHEAR DIAPHRAGM DESIGN 
SOl STAN>ARD DECK WITH IELDED CONrECTIONS < 5/8 IN. DIA. > ON A 24/4 PATTERN 
SIDELAP CCJN'ECTORS ARE #12 l-EX t-EAD SCREWS 
THICKI'£58= • 0295 INCt-ES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FAS'TEPERS 3.0 3.5 4.0 4.5 s.o s.s 6.0 6.5 7.0 K1 
0 438 387 341 2'96 260 230 205 185 167 0.16921 
1 480 427 383 340 300 267 238 214 194 0.14825 
2 518 463 420 381 340 301 270 245 223 0.13190 
3 550 4'98 452 412 378 338 303 276 250 0.11881 .... .... 
4 581 52'9 483 443 407 374 336 305 278 0.10807 00 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI'ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 347 303 265 232 205 183 165 150 136 0.11281 
1 3'96 34'9 310 276 245 220 198 180 165 0.09491 
2 441 3'90 350 316 283 254 230 210 192 0.08191 
3 483 430 387 350 320 2'90 263 240 221 0.07205 
4 520 467 421 383 352 323 296 270 249 0.06430 
NO. CF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI'ERS 3.0 3.5 4.0 4.5 5.0 5.5 e..o e .• 5 7.0 Kl 
0 312 272 240 210 187 167 152 138 127 0.08460 
1 365 320 283 254 227 203 185 16'9 154 0.06980 
2 412 363 325 292 2G5 240 218 200 183 0.05940 
3 456. 405 36.3 32'3 300 2?4 250 22'9 210 0.05170 
4 4'3€- 443 400 3€.3 332 305 283 2E.O 240 0.04577 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONNECTIONS (5/8 IN. DIA.> ON A 24/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKI'ESS= .0358 INCHES 
NO. OF SPANS= 1 SPAN 
l\ll. OF <FT> 
FASTEJ\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 405 352 30'3 274 243 220 1'38 180 163 0.17454 
1 460 40'3 360 320 287 258 234 212 1'34 0.1521'3 
2 505 460 410 367 32'3 2'38 270 247 22:7 0.134'30 
3 547 500 460 412 370 33G 307 281 258 0.12115 
4 585 538 4% 4GO 414 37G 343 314 2'30 0.10'3'34 1-' 1-' 
\0 
l\ll. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 314 274 243 218 1% 178 161 14'3 136 o. 11€.36 
1 372 332 2'34 263 238 218 1'38 183 16'3 0.0'3730 
2 423 383 345 310 281 256 234 216 200 0.08361 
3 470 427 3"30 356 323 2'36 270 250 232 0.0732'3 
4 516 470 430 398 365 334 307 285 263 0.06524 
l\ll. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 283 24'3 221 200 180 165 150 138 12'3 0.08727 
1 341 305 272 245 223 203 187 172 160 0.07151 
2 394 356 323 292 265 243 223 207 192 0.06057 
3 443 401 367 336 307 281 260 240 223 0.05254 
4 490 445 407 376 347 321 2'36 2:74 256 0.04638 
SHEAR DIAPHRAGM DESIGN 
SOl STAN>ARO DECK WITH WELDED CCN'£CTIONS <5/8 IN. OIA. > CJ\1 A 24/4 PATTERN 
SIDEL.AP CCN\ECl"CRS ARE #12 l-EX l-EAD SCREWS 
THICKI\ESS= .0474 INCI-ES 
NO. CF SPANS=1 SPAN 
NO. CF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 392 347 310 278 250 227 207 189 172 0.17478 
1 472 420 376 340 307 280 256 236 218 0.15198 
2 552 492 443 401 365 334 307 283 261 0.13445 
3 616 565 510 463 421 387 356 329 305 0.12054 
4 670 623 576 523 480 440 407 376 350 0.10924 ...... N 
0 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTEJ\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 309 276 249 225 205 189 174 160 149 o. 11652 
1 389 349 316 287 263 241 223 207 194 0.09710 
2 469 421 381 349 320 296 274 254 238 0.08323 
3 532 490 449 410 378 349 323 301 281 0.07282 
4 592 S49 509 472 434 401 374 349 327 0.06473 
NO. CF SPANS=3 OR MORE sPAN 
NO. CF <FT> 
FAS'TEIERS s.o 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 281 252 229 209 1'90 176 163 150 141 0.08739 
1 361 325 296 270 249 229 212 198 185 0.07134 
2 436 398 361 332 305 283 263 245 230 0.06027 
3 503 46.3 429 392 36.3 336. 312 2'92 274 0.05217 
4 se.s 521 483 4SO 420 ~ 3G3 340 320 o. 045'9'3 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH WELDED CONI\ECTIONS < 5/8 IN. DIA. > ON A 24/3 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= • 0295 INCHES 
NO. CF SPANS= 1 SPAN 
NO. CF' <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 332 2'38 267 230 200 176 156 138 123 0.25382 
1 3E.'3 332 301 274 240 212 18'3 16':3 152 0.20'340 
2 3'38 363 332 305 280 247 221 1'38 180 0.17821 
3 423 38'3 3E.O 332 307 283 254 22'3 207 0.15511 1-' 
445 330 30'9 N 4 412 383 35€- 287 2€-0 236 o. 13731 1-' 
NO. OF SPANS=2 SPAN 
NO. CF' <FT> 
FASTEl\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 26'3 23€- 20'3 181 160 143 127 11€- 105 0.1€-'321 
1 312 278 24'3 225 200 178 160 145 132 0.131'30 
2 350 314 285 260 238 214 1'32 176 161 0.10807 
3 383 347 316 2'30 267 247 225 205 18'9 0.0'3154 
4 410 376 345 318 2'34 272 254 23€- 216 0.07'93'9 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 243 214 18'9 165 147 130 118 107 '98 0.126'91 
1 2'30 258 230 207 185 167 150 138 127 0.0'9627 
2 332 2'36 267 243 221 203 183 16'3 154 0.07755 
3 367 330 301 274 252 232 216 1'38 181 0.064'33 
4 3'36 361 330 303 280 260 241 225 210 0.05584 
SHEAR DIAPHRAGM DESIGN 
SOI STAI\DARD DECK WITH tt12 t-EX t-EAD SCREW Cc::N\ECTIONS ON A 36/7 PATTERN 
SIDELAP CCN\ECT~S ARE tt12 l-EX t£AD SCREWS 
THICKIESS• • 0295 INCt-ES 
NJ. CF SPANS•! SPAN 
NJ. CF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 423 372 331" 289 255 227 204 185 168 0.19338 
1 474 421 378 340 302 270 242 219 200 0.15565 
2 519 465 419 380 346 310 280 255 234 0.13024 
3 559 506 459 419 385 353 319 291 265 0.11196 ..... N 
4 595 542 495 453 419 387 357 325 297 0.09818 ~ 
NJ. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTeERS 3.0 3.5 4.0 4.5 s.o 5.5 6.0 6.5 7.0 K1 
0 334 291 255 223 200 178 161 146 134 o. 128'92 
1 391 344 306 274 244 221 200 182 168 0.09743 
2 446 395 353 319 291 261 238 217 200 0.07830 
3 495 440 397 359 329 302 276 253 234 0.06545 
4 538 482 438 397 365 336 312 289 265 0.05622 
NJ. CF SPANS=3 OR MORE SPAN 
NJ. CF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 300 261 229 202 180 161 146 134 123 0.0966'3 
1 361 317 280 253 225 204 185 170 157 0.070'30 
2 41'3 3?0 ~ 2'3? 270 24G 223 20G 18'3 0.055'98 
'3 4'70 41? '3'74 338 308 282 26.1 240 223 0.04624 
4 51."'7 4E.l. 41."'7 3"'78 34G 31.'9 2'95 2"'74 2SS 0.03'93'9 
SHEAR: DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH #12 l-EX .-EAD SCREW CONI\ECTIONS ON A 36/7 PATTERN 
SIDELAP CONr'IECTORS ARE #12 HEX HEAD SCREWS 
THICKI\ESS= .0358 INCHES 
NO. OF SPANS=! SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 414 3€.1 31'3 285 255 22'3 208 1'31 174 0.16134 
1 474 427 378 338 304 276 251 231 212 0.13404 
2 52'3 480 438 3'33 355 323 2'33 270 248 0.11464 
3 578 52'3 485 446 404 368 336 310 287 0.10014 
4 625 574 52'3 48'3 453 414 378 351 323 0.088'30 f-' N 
\.11 
NO. OF SPANS=2 SPAN 
1\D. OF <FT> 
FASTEJ\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 31'3 280 248 223 202 185 168 155 142 0.10756 
1 385 346 308 278 251 22'3 210 1'35 180 0.0845'3 
2 446 402 365 331 302 276 253 234 217 0.06'370 
3 502 455 417 382 351 321 2'35 274 255 0.05'327 
4 555 504 463 427 3'35 368 338 314 2'31 0.05155 
NO. CF SPANS=3 OR MORE SPAN 
NO. CF <FT> 
FASTEJ\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 287 253 225 204 185 168 155 142 131 0.08067 
1 353 317 285 257 234 214 1'37 182 170 0.0617'3 
2 417 374 340 310 282 25'3 240 223 206 0.05007 
3 474 42'3 3'31 35'3 331 306 282 251 244 0.0420'3 
4 52'3 480 440 406 374 348 325 302 280 0.03630 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 36/7 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKI\ESS= • 0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 448 400 35'3 325 2'35 268 246 227 208 0.135'34 
1 542 485 438 3'35 361 331 304 280 261 0. 1156'3 
2 634 570 514 468 427 3'33 363 336 312 0.10070 
3 706 653 5'33 540 4'35 455 421 3'31 3E.S 0.08'314 
4 772 714 665 612 561 51'3 480 446 417 0.07'3'36 ~ N 
0'\ 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 351 314 285 25'3 238 21'3 202 187 174 0.0'3063 
1 444 400 361 331 304 280 25'3 242 225 0.07348 
2 534 485 440 402 370 342 31'3 2'37 278 o. Q€.17'3 
3 610 561 51'3 474 438 40E· 376 353 32'3 0.05331 
4 680 62'3 585 544 504 468 43E. 408 382 0.04E.87 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT) 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 -~- 0 K1 
0 31? 285 25'3 236 217 202 187 174 163 0.067'37 
1 410 3"70 338 308 285 263 244 22'3 214 0.05383 
2 497 455 414 380 351 325 304 285 265 0.04457 
3 576. 52'3 48~ 453 41~ 38~ 36.1 340 31'3 0.03802 
4 G48 GOO sss 517 482 4S1 421 3'33 370 0.03315 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 36/5 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .02~5 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT) 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 E .• o E .• 5 7.0 K1 
0 35~ 323 2'31 2E.S 23E. 208 187 168 153 o. 23206 
1 3~5 35'3 327 302 278 251 225 204 185 0.17976 
2 427 391 361 334 308 287 263 240 21'3 0.14€.70 
3 453 41'3 38'3 3E·1 336 314 2'35 274 251 o. 12391 f-' N 4 474 442 414 387 361 340 31'3 302 285 0.10725 ....... 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 E .• o 6.5 7.0 K1 
0 231 257 2a 206 182 165 148 136 123 o. 15471 
1 340 304 274 248 227 206 187 170 157 0.11147 
2 380 344 312 285 2E.3 242 225 20E. 18':3 0.08712 
3 414 378 34E. 31'3 2'35 274 255 238 223 0.07150 
4 442 408 376 348 325 302 282 265 248 0. 06QE.3 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 e .• o 6.5 7.0 K1 
0 2E.S 234 208 187 165 151 136 123 114 o. 11603 
1 317 282 253 22~ 208 1'31 174 159 146 0.08078 
2 3E.1 325 295 2E·8 24E. 227 210 1'35 180 0.061'35 
3 3'37 3E.1 331 304 280 25'3 240 225 210 0.05025 
4 42'3 3'33 363 33E. 310 289 270 253 238 0.0422€. 
SHEAR DIAPHRAGM DESIGN 
SOI STMDARO DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 36/5 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICI<IESS= • 0358 INCHES 
NO. CF SPANS= 1 SPAN 
NO. CF <FT> 
FASTEJ\ERS 4.0 4.5 s.o 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 363 331 293 261 234 210 191 174 159 0.19361 
1 412 378 348 314 282 257 234 214 195 0.15558 
2 453 419 389 361 334 302 276 253 234 0.13004 
3 489 455 425 397 372 348 319 293 270 0.11170 
4 521 487 457 429 404 380 359 334 308 0.09789 I-' N 
00 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
.FASTEJ\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 287 259 229 206 187 170 155 142 131 0.12'907 
1 344 312 285 259 236 214 197 182 168 0.09734 
2 393 361 331 306 285 261 240 221 206 0.07814 
3 438 404 372 346 323 302 282 261 242 0.06526 
4 476 442 410 382 359 336 317 300 280 0.05603 
Nl. CF SPANS=3 OR MORE SPAN 
NO. CF <FT) 
FASTEIERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 259 234 208 187 170 155 142 131 121 0.09680 
1 319 28'3 263 242 219 202 185 172 159 0.07083 
2 372 338 310 287 265 246 227 210 195 0.05585 
3 419 385 355 327 306 285 268 251 234 0.04609 
4 459 425 393 365 342 321 302 285 268 0.03'324 
·-- -·-- ---
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 3E./5 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKI\ESS= .0474 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 Kl 
0 412 368 32'3 2'37 270 244 223 206 18'3 0.16313 
1 4'37 453 408 368 336 308 282 261 240 0.13482 
2 55'3 521 485 440 402 370 340 314 2'33 0.11488 
3 614 574 540 508 470 431 400 370 344 o. 10008 
4 663 623 587 555 525 4'35 457 425 3'37 0.08866 I-' N 
\D 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 323 28'3 2E·l 238 217 200 185 172 15'3 0.10875 
1 410 374 340 310 285 2E·3 242 225 210 0.084'36 
2 480 444 412 382 351 325 302 280 263 0.06'371 
3 544 506 472 442 414 387 35'3 336 314 0.05'310 
4 602 561 527 4'35 465 440 417 3'31 368 0.05130 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 e .. o 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 2'33 263 240 219 200 185 172 15'3 148 0.08156 
1 378 348 317 2'31 268 248 22'3 214 202 0.06202 
2 453 417 387 361 334 310 28'3 270 253 0.05004 
3 51'3 480 448 41'3 3'33 370 346 325 306 0.041'33 
4 578 540 504 474 44E. 421 3'37 378 357 0.0360'3 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 36/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0295 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 274 246 223 197 174 153 136 121 108 0.29008 
1 308 282 259 238 219 195 174 157 142 0.21272 
2 336 310 289 268 248 231 212 191 174 0.16794 
3 357 334 312 293 274 257 242 227 208 0.13873 1-' w 
4 374 353 334 314 295 280 263 251 238 0.11818 0 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 223 197 176 155 138 123 110 100 91 0.19338 
1 2E.S 242 219 200 182 165 148 136 123 0.13024 
2 306 278 255 234 217 200 187 170 157 0.09818 
3 334 308 285 263 246 229 214 202 189 0.07878 
4 355 331 310 289 272 255 240 225 212 0.06579 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT) 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 204 178 159 142 125 112 102 93 85 0.14504 
1 253 225 204 185 170 155 140 127 117 0.0'3385 
2 293 26.5 242 221 204 18'3 176 163 151 0.06936 
3 32'3 297 274 253 236 219 204 191 180 O.OSS01 
4 348 32'3 302 280 2E.1 24E. 22'9 217 204 0.04SS8 
SHEAR DIAPHRAGM DESIGN 
SDI STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 36/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT) 
FASTENERS 4.0 4.5 5.0 5.5 6.0 E .• 5 7.0 7.5 8.0 K1 
0 278 248 217 1'31 170 153 136 123 110 0.24202 
1 325 297 276 24E. 213 137 178 1E·3 148 0.18537 
2 363 336 312 2'33 270 244 221 202 185 o. 15022 
3 333 370 346 325 306 283 2E.3 242 223 0.12627 
4 421 335 374 353 334 317 300 282 253 o. 10831 f-' (.,.:> 
f-' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 E .• o E .• 5 7.0 7.5 8.0 K1 
0 221 135 172 153 138 125 114 104 '35 0. 1E·134 
1 274 251 223 208 187 170 157 144 131 0. 114E.4 
2 321 2'35 272 253 23E· 217 200 182 170 o. 088'30 
3 353 334 310 283 272 255 240 223 206 0.072€.0 
4 3'31 3€.8 344 323 304 287 270 257 242 0.06135 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 E..O E .• 5 7.0 7.5 8.0 Kl 
0 200 176 157 140 127 117 10E. 37 8'3 0.12101 
1 257 234 212 195 17E. 1E.1 148 138 127 0.08237 
2 3QE. 280 257 238 223 208 131 176 163 O.OE.313 
3 346 321 2'37 278 259 242 227 214 202 0.05035 
4 380 355 331 312 293 27E. 253 246 234 0.04270 
SHEAR DIAPHRAGM DESIGN 
SOI STMDARD DECK WITH tH2 l-EX l-EAD SCREW CCN\ECTIONS ON A 36/4 PATTERN 
SIOELAP CONNECTORS ARE tH 2 t-EX f-EAD SCREWS 
THICt<IESS= • 0474 INCI-ES 
NO. CF SPANS= 1 SPAN 
NO. OF CFT> 
FASTEIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 3o6 270 240 214 1'31 172 157 142 12'3 0.203'31 
1 3'35 355 317 285 25'3 236 214 1'37 180 0.16151 
2 453 423 3'35 357 325 2'37 274 253 234 0.13371 
3 502 472 444 421 3'33 35'3 331 308 285 0.11408 




NO. CF SPANS=2 SPAN 
NO. OF CFT> 
FASTEIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 242 217 1'35 176 15'3 146 134 123 114 0.13594 
1 331 302 272 248 227 208 193 178 165 0.10070 
2 397 370 344 31'3 2'33 272 251 234 21'3 0.079'36 
3 455 425 397 374 353 334 310 289 270 0.06631 
4 504 474 446. 423 400 378 35'3 342 323 0. OSE.6.4 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF CFT> 
FASTEI\ERS 5.0 5.5 6.0 6..5 7.0 7.5 8.0 8.5 '3.0 K1 
0 221 197 178 163 148 138 127 117 110 0.10195 
1 308 282 257 236 217 200 185 172 161 0.07315 
2 376 348 325 304 282 261 244 227 212 0.05704 
3 438 408 382 359 338 319 302 282 2G5 0.04G74 
4 489 459 431 408 385 3G5 34€. 32'9 314 0.03'35'9 
SHEAR DIAPHRAGM DESIGN 
SOl STAN>ARO DECK WITH #12 HEX l-EAD SCREW CONI'IECTIONS ON A 36/3 PATTERN 
SIDELAP CONI\ECTORS ARE #12 HEX HEAD SCREWS 
THICKIIESS= • 0295 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 217 200 182 170 153 134 11'3 106 '33 0.38677 
1 238 223 208 1'35 182 172 157 140 127 0.26048 
2 255 242 22'3 217 204 1'33 182 174 15'3 0.1'3636 
3 265 255 244 231 221 210 202 1'31 182 0.15757 I-' w 
4 274 263 255 244 236 225 217 208 200 0.13158 w 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 182 165 151 13€. 123 108 '37 8'3 80 0.25785 
1 217 200 182 170 157 146 136 123 112 0.15660 
2 238 223 208 1'35 182 172 161 153 144 0.11245 
3 255 242 22'3 217 204 1'33 182 174 165 0.08772 
4 265 255 244 231 221 210 202 191 182 0.071'30 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI'E.RS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 170 151 136 123 112 100 '31 82 74 0.19338 
1 206 189 174 159 146 136 127 117 108 0.11196 
2 231 217 202 187 176 163 155 144 136 0.07878 
3 251 236 223 210 197 187 176 168 15'3 0.06077 
4 261 251 238 227 217 206 195 187 178 0.04'347 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 36/3 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0358 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 E .• 0 E .• 5 7.0 7.5 8.0 K1 
0 223 212 191 1E.8 148 131 119 106 95 0. 322€.9 
1 263 246 231 217 197 178 161 146 131 0.22'328 
2 287 272 257 244 231 219 204 185 170 0.17781 
3 30E. 293 278 265 255 242 231 221 206 o. 14521 
4 321 308 2'35 285 272 261 251 242 231 0.12271 I-' (.,.) 
.!>-
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 e .. o E .• 5 7.0 7.5 8.0 K1 
0 187 170 153 13E. 123 110 100 91 82 0.21513 
1 231 212 197 185 172 155 142 131 121 0.13940 
2 263 246 231 217 204 193 182 170 157 o. 10311 
3 289 272 259 244 231 221 210 200 18'3 0.08181 
4 306 293 280 268 255 244 231 223 212 0.06780 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 e .. o 6.5 7.0 7.5 8.0 K1 
0 170 155 140 125 112 102 93 87 78 0. 1E.134 
1 219 202 185 172 161 148 136 125 117 o. 10014 
2 255 238 221 208 195 182 174 1E.3 153 0.072E·O 
3 280 265 251 23E. 223 212 202 1'31 182 0.056'34 
4 302 287 274 2E.1 248 23E. 225 214 206 0.04684 
SHEAR DIAPHRAGM t::::)E:Ei I ~......, 
SOI STANDARD DECK WITH #12 l-EX l-EAD SCREW CONNECTIONS ON A 36/3 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKI'ESS= • 0474 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 270 238 210 187 165 148 134 121 108 0.27189 
1 329 310 287 259 234 210 193 17E. 161 0.20140 
2 370 351 334 317 300 274 251 231 212 0.15'393 
3 402 385 368 351 336 323 308 287 265 0.13263 
4 425 410 3'35 380 365 353 338 325 314 0.11328 t-' w 
V1 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 214 191 172 155 140 127 117 108 100 0.18126 
1 285 265 248 227 208 1'31 176 163 151 0.12358 
2 336 317 2'37 280 265 253 234 219 204 0.09375 
3 374 357 338 323 30E. 293 278 2E.8 255 0.07552 
4 406 389 372 355 340 327 312 300 289 O.Q€.323 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 197 176 15'3 144 131 121 112 104 95 0.135'34 
1 268 248 231 217 200 182 170 159 148 0.08914 
2 323 302 285 2E.S 253 240 227 214 200 0.06631 
3 365 346 327 310 295 282 268 257 244 0.05279 
4 3'37 380 363 34E. 331 317 304 2'31 280 0.04385 
SHEAR DIAPHRAGM DESIGN 
901 STNCARD DECK WITH tU2 HEX l-EAD SCREW CONNECTIONS ON A 30/6 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICI<I\ESS= • 0295 INCHES 
NJ. CF SPANS= 1 SPAN 
NJ. OF <FT> 
FASTENERS -3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 t<1 
0 389 340 2'95 257 227 202 180 161 146 0.25785 
1 442 391 351 308 272 242 21'9 197 180 0.20313 
2 491 438 393 357 319 285 257 234 212 0.16757 
3 536 480 436 3'35 363 327 295 268 244 0.14261 t-' w 
4 574 519 472 431 3'97 368 334 304 278 0.12411 0'1 
NJ. CF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.o 6.5 7.0 t<1 
0 304 263 227 200 178 159 144 129 119 0.17190 
1 365 319 285 251 223 202 182 165 153 0.12647 
2 421 372 331 300 270 242 221 202 185 0.10004 
3 472 421 376 340 310 285 259 236 217 0.08274 
4 51'9 463 41'9 380 348 321 297 272 251 0.07054 
NO. CF SPANS=3 OR MORE SPAN 
NO. CF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.o 6.5 7.0 K1 
0 272 2'3E> 2QE. 180 161 144 131 119 110 0.12892 
1 338 293 261 231 2QE. 187 170 155 142 0.09182 
2 3'95 348 310 278 253 22'3 208 191 176 0.07130 
3 448 397 357 321 293 268 246 225 208 0.05828 
4 497 444 400 3€.3 331 304 280 261 242 0.04'928 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 30/6 PATTERN 
SIDELAP CQNI\ECTORS ARE # 12 HEX HEAD SCREWS 
THICKI\ESS= • 0358 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 370 321 282 253 225 204 182 168 153 0.21513 
1 440 38'3 342 306 274 248 225 206 18'3 0.17542 
2 4'37 451 402 359 325 295 268 246 227 0.1480'3 
3 548 500 45'3 414 374 340 310 287 263 0.12812 
4 5'37 546 504 465 423 387 353 325 302 o. 112'30 ~ w 
..... 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 285 251 221 200 180 163 148 138 127 0.14342 
1 357 317 280 253 22'3 208 1'31 176 163 0.11017 
2 41'3 378 340 308 278 255 234 217 202 0.08'343 
3 476 431 393 361 32'3 300 276 257 238 0.07527 
4 531 482 442 408 376 346 31'3 2'35 276 0.064'38 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 257 225 202 180 1€.3 151 138 127 117 0.10756 
1 327 2'33 261 236 214 1'35 180 165 155 0.08030 
2 391 353 321 28'3 263 242 223 206 1'31 0.06406 
3 451 408 372 340 312 287 265 246 22'3 0.05328 
4 508 461 421 387 357 334 308 285 265 0.04561 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 30/6 PATTERN 
SIDELAP CONNECTORS ARE # 12 HEX HEAD SCREWS 
THICKNESS= • 0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 400 355 317 285 259 236 214 1'37 180 0.18126 
1 493 440 3'95 357 325 297 274 253 234 0.15175 
2 587 525 474 42'3 393 35'3 331 306 285 0.13050 
3 668 610 551 502 459 423 3'31 3E·1 338 o. 11448 
4 736 680 629 574 525 485 448 417 38'3 0.101'35 I-' w 
co 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 312 280 253 22'3 210 193 178 165 153 0.12084 
1 406 365 331 302 276 255 236 221 206 0.09596 
2 500 451 408 374 344 317 295 274 257 0.07957 
3 578 531 487 446 410 380 353 329 310 0.0€.797 
4 653 602 557 519 478 442 412 385 361 0.05932 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 285 255 231 210 1'33 178 165 155 144 0.09063 
1 378 340 310 282 2E·1 242 225 210 1'95 0.0701€. 
2 468 425 387 355 327 304 282 263 248 0.05724 
3 548 504 465 427 3'95 365 342 31'9 300 0.04833 
4 623 574 531 4'95 4€.1 429 400 374 353 0.04182 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 30/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0295 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 E .• 5 7.0 K1 
0 331 300 272 248 219 195 174 157 142 0.2'3008 
1 3E.8 33E. 30E. 282 261 236 212 191 174 0. 222E·2 
2 395 365 338 312 2'31 270 251 227 208 0.18061 
3 41'3 3'31 3E.3 340 317 297 278 2€.1 240 0.151'34 1-' 
285 0.13113 VJ 4 438 412 387 3E.3 340 321 302 270 
"' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 E-.5 7.0 K1 
0 272 240 214 193 172 155 138 125 114 0.19338 
1 317 285 257 234 214 195 17E. 1€.1 148 0.13773 
2 355 323 295 270 248 229 214 197 180 0.10€.95 
3 387 355 327 302 280 2E·1 242 227 214 0.08742 
4 412 382 355 32'3 308 287 270 253 238 0.07392 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT) 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 248 219 1'35 17E. 157 140 127 117 106 0.14504 
1 297 2E.S 240 217 197 182 165 151 140 0.0'3971 
2 340 306 278 255 234 217 200 187 172 o. 075':)7 
3 374 342 312 289 2E.5 246 229 214 202 O.OE.t3E. 
4 400 370 342 319 295 27E· 257 242 227 0. 0514E. 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 30/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0358 INCHES 
NO. CF SPANS= 1 SPAN 
NO. CF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 340 310 274 244 217 1'35 176 161 146 0.24202 
1 385 355 327 2'37 268 242 21'3 200 185 o. 1 '32'30 
2 425 393 365 340 317 287 261 240 221 0.16035 
3 45'3 427 400 374 351 331 304 280 25'3 0.13720 
4 487 457 429 404 382 361 342 31'3 2'35 o. 11'390 ,.... ..,.. 
0 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 270 242 214 1'33 174 157 144 131 123 0.16134 
1 323 295 270 246 223 204 187 172 159 0.12045 
2 372 340 314 2'31 270 248 22'3 212 197 0.0%09 
3 412 382 355 329 308 289 270 251 234 0.07993 
4 448 417 389 363 342 321 304 287 272 0.06842 
NO. CF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 244 21'3 195 176 159 144 134 123 114 0.12101 
1 302 272 248 22'3 208 191 176 163 151 0.08756 
2 351 321 2'35 272 253 236 219 202 189 0.0686.() 
3 395 3G3 338 312 291 272 257 242 225 0.05639 
4 434 402 374 348 327 308 28'9 272 25'9 0.04787 
SHEAR DIAPHRAGM DESIGN 
SOl STMDARD DECK WITH #12 HEX l-EAD SCREW CONNECTIONS ON A 30/4 PATTERN 
SIDELAP CONI\ECTORS ARE #12 l-EX l-EAD SCREWS 
THICKI\ESS= • 0474 INCI-ES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTEI'ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 387 342 306 276 248 227 206 189 174 0.20:3'31 
1 468 4c:7 385 348 317 289 265 244 225 o. 16731 
2 527 491 459 419 382 351 323 300 278 0.14185 
3 578 542 510 480 451 414 382 355 32'9 0.12312 
4 623 589 555 525 4'97 474 440 410 382 0.10875 I-' ..,.. 
I-' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
F ASTEJ\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '9.0 K1 
0 304 272 244 223 204 187 172 15'9 148 0.135'94 
1 387 357 323 2'33 270 248 22'3 214 200 0.10524 
2 455 423 393 365 336 310 28'9 270 253 0.08586. 
3 517 480 451 423 397 374 346 325 304 0.07250 
4 570 534 502 472 446 423 400 378 355 0.06274 
NO. OF SPANS=3 ffi MORE SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '9.0 K1 
0 274 246 223 204 187 172 159 148 140 0.10195 
1 35'9 32'9 302 276 255 236 21'9 204 191 0.07676 
2 42'3 397 370 344 321 2'37 276 259 242 0.06156 
3 4'93 45'9 42'3 402 378 355 336 314 2'95 0.05138 
4 551 514 482 453 427 404 382 363 346 0.04409 
SHEAR DIAPHRAGM DESIGN 
SOl STANJARO DECK WITH #12 l-EX l-EAD SCREW CONI\ECTIONS ON A 30/3 PATTERN 
SIDELAP Cr::N'£CTORS ARE #12 l-EX HEAD SCREWS 
THICKI\ESS= .0295 IN0£8 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 238 217 197 180 157 138 121 108 97 0.42193 
1 268 246 227 212 197 180 159 144 129 0.29285 
2 289 270 253 236 223 208 195 178 163 0.22425 
3 304 289 272 257 244 229 219 206 195 0.18168 1-' 
""' 4 317 302 287 274 261 248 236 225 214 0.15270 N 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 197 176 159 142 125 112 100 91 82 0.28129 
1 238 214 197 180 165 153 138 125 114 0.17717 
2 265 246 227 210 195 182 172 161 146 0.12930 
3 287 270 253 236 221 208 195 185 174 0.10180 
4 304 287 272 257 242 229 217 206 195 0.08394 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT) 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 180 159 144 129 114 102 93 85 76 0.21096 
1 225 204 185 168 155 142 131 119 110 0.12700 
2 257 236 219 202 187 174 161 151 142 0.09084 
3 280 2G1 244 227 214 200 187 17G le.B 0.07071 
4 300 282 2E.S 2S1 23E. 223 210 200 18'3 0.05788 
SHEAR DIAPHRAGM DESIGN 
SOl STAI\DARO DECK WITH #12 t-EX I-£AO SCREW CONNECTIONS ON A 30/3 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= • 0358 INCI-£S 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEtERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 246 225 195 172 153 136 121 108 '37 0.35203 
1 287 265 246 227 202 180 1E.3 148 136 0.25€.88 
2 319 297 280 263 248 227 206 189 172 0.20223 
3 342 325 306 291 274 261 248 227 210 0.16675 
4 361 346 329 314 300 285 272 25'3 246 0.14186 I-' 
""' (,.) 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEJIERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 197 178 157 140 125 112 102 93 85 0.23468 
1 246 227 208 193 174 159 144 134 123 0.15710 
2 287 265 248 231 217 204 187 172 15'3 0.11807 
3 319 300 280 263 248 234 221 210 197 0.09457 
4 344 325 308 291 276 261 248 236 225 0.07887 
NO. CF SPANS=3 OR MORE SPAN 
NO. CF <FT> 
F ASTEI'IERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 178 1E.1 144 127 117 106 '35 89 80 0.17E.01 
1 231 212 195 180 165 151 138 127 119 o. 11315 
2 274 255 236 21'3 206 191 180 168 155 0.08337 
3 308 289 270 253 238 225 212 200 191 0.06600 
4 336 317 300 282 268 253 240 227 217 0.05462 
SHEAR D:t:APHRAGM DES:t:GN 
SDI STAN>ARO DECK WITH tt12 lo£X t£AO SCREW CCN£CTIONS ON A 30/3 PATTERN 
SIDELAP CCN'ECTORS ARE tt12 lo£X HEAD SCREWS 
THICKIIESS= .0474 INC~ 
MJ. CF SPANS=l SPAN 
MJ. CF <FT> 
FASTEIERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 Kl 
0 276 242 214 191 170 153 138 125 112 0.29660 
1 355 327 293 263 238 217 195 180 165 0.22501 
2 404 .380 359 336 304 278 255 234 217 0.18126 
3 444 421 400 380 361 340 312 289 270 0.15175 
4 476 455 434 414 397 380 363 344 321 0.13050 ,_. 
.s:-
.s:-
NJ. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTEJERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 221 195 176 159 144 131 121 110 102 0.19773 
1 302 278 255 231 210 193 178 165 155 0.13883 
2 361 336 317 2:37 278 257 238 221 2()6. 0.10697 
3 408 385 363 344 325 308 2:33 276 257 0.08700 
4 448 425 404 385 365 348 334 319 304 0.07331 
NJ. CF SPANS=3 OR MORE SPAN 
NJ. CF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 202 180 163 148 136 125 114 106 97 0.14830 
1 282 261 240 221 202 187 172 161 151 0.10039 
2 344 321 300 280 265 248 231 217 202 0.07587 
3 395 372 351 331 312 ~s 280 268 255 0.06098 
4 438 414 393 3"72 3SS 338 321 308 2'33 0.050'9"7 
SHEAR DIAPHRAGM DESIGN 
SOI STAI'IDARD DECK WITH #12 l-EX HEAD SCREW CONNECTIONS ON A 24/5 PATTERN 
SIOELAP CCJ\11\ECTORS ARE #12 HEX HEAD SCREWS 
THICKI'ESS= • 0295 INCI-ES 
NO. CF SPANS=1 SPAN 
NO. OF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 353 304 261 227 200 176 157 140 127 0.38677 
1 410 361 319 278 244 219 195 176 159 0.29229 
2 463 410 368 329 291 259 234 212 193 0.23491 
3 510 455 410 372 338 302 272 246 225 0.1'9636 f-' +:--
4 551 497 451 410 376 344 310 282 259 0.16868 lJ1 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 274 234 202 176 157 140 127 114 104 0.25785 
1 338 295 259 227 202 182 165 151 138 0.18019 
2 397 348 310 278 248 223 204 185 170 0.13848 
3 451 400 357 323 293 265 242 221 204 o. 11245 
4 497 444 400 363 331 306 280 255 236 0.09466 
NO. CF SPANS=3 ~ MORE SPAN 
NO. CF <FT> 
FASTEJ\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 246 210 182 161 142 127 117 106 97 0.19338 
1 312 272 240 212 189 170 155 140 129 0.13024 
2 372 327 291 261 234 212 193 176 163 0.09818 3 429 378 338 304 276 253 231 212 195 0.07878 
4 478 425 382 346 317 291 268 246 227 0.06579 
SHEAR DIAPHRAGM DESIGN 
SOI STAN:>ARD DECK WITH #12 HEX HEAD SCREW CONI\ECTIONS ON A 24/5 PATTERN 
SIDELAP CCJ~oi'ECTORS ARE #12 l-EX HEAD SCREWS 
THICKI'£SS= • 0358 INCHES 
NO. OF SPANS= 1 SPAN 
NO. CF <FT> 
FASTEI\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 327 282 248 221 1'37 176 15'3 144 131 0.32269 
1 402 351 30& 274 246 223 202 185 168 0.25377 
2 463 417 368 32'9 295 268 244 223 206 0.20'310 
3 519 472 427 382 346 314 287 263 242 0.17781 
4 570 521 478 438 3'35 359 329 304 280 0.15466 I-' 
.p. 
0\ 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 253 221 195 176 157 142 131 119 110 0.21513 
1 327 287 255 22'3 208 189 174 159 146 0.15793 
2 3'33 353 314 282 257 236 217 200 185 0.12476 
3 453 408 372 338 306 280 259 238 221 o. 10311 
4 508 461 421 387 357 327 302 278 259 0.0878E. 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 4.0 4.5 5.0 s.s 6.0 6.5 7.0 7.5 8.0 K1 
0 227 200 178 1E·1 144 131 121 112 104 0.16134 
1 302 268 238 214 195 178 163 151 140 0.11464 
2 368 329 297 268 244 223 206 1':31 178 0.08890 
3 429 387 353 323 293 270 248 231 214 0.07260 
4 487 440 402 370 342 314 291 270 253 O.QE.135 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 24/5 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= • 0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 G.O G.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 351 310 27G 248 223 202 185 1G8 155 0.2718'3 
1 444 3'35 355 321 2'31 2G5 242 223 20G 0.22045 
2 538 480 434 3'33 357 327 302 278 257 0.18538 
3 G2'3 5G5 510 4E.3 425 38'3 35'3 334 310 0.15'3'33 
4 702 G48 58'3 53G 4'31 453 41'3 38'3 3E·1 0.140E·3 I-' ..,.. 
"-l 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 G.O 6.5 7.0 7.5 8.0 8.5 '3.0 Kl 
0 276 24G 223 202 185 1E·8 155 144 134 0.18126 
1 370 331 300 274 251 231 214 1'37 185 0.13825 
2 463 417 378 346 317 2'33 272 253 238 o. 11173 
3 548 502 457 41'3 385 355 331 308 28'3 0.0'3375 
4 E·25 57G 534 48'3 451 41'3 38'3 3G3 340 0.08075 
NO. OF SPANS=3 OR MORE SPAN 
NJ. OF <FT> 
FASTEJ\ERS 5.0 5.5 E..O E..5 7.0 7.5 8.0 8.5 '3.0 K1 
0 251 225 204 187 170 157 14E. 13E. 125 0.135'34 
1 344 310 282 25'3 238 21'3 204 1'31 178 0.10070 
2 438 3'35 3E.1 32'3 304 282 2E.3 244 22'3 0.07'3'3& 
3 521 478 438 402 372 344 321 300 282 O.OGG31 
4 597 551 508 474 438 40G 380 355 334 0.05E.E.4 
SHEAR DIAPHRAGM DESIGN 
SOI STMDARD DECK WITH :tH2 .-EX HEAD SCREW CONNECTIONS ON A 24/4 PATTERN 
SIDELAP C(NI.ECTORS ARE #12 HEX .-EAD SCREWS 
THICKI\ESS= .02'35 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 334 2'35 261 227 200 176 157 140 127 0.38677 
1 382 342 308 278 244 219 195 176 15'9 0.2'322'9 
2 423 382 346 317 291 259 234 212 1'93 0.23491 
3 457 417 382 351 323 300 272 246 225 o. 1'3636 ...... 
.t:-4 487 448 412 382 355 32'9 308 282 259 0.16868 00 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 s.o s.s 6.0 6.5 7.0 K1 
0 265 231 202 176 157 140 127 114 ~04 0.25785 
1 321 285 253 227 202 182 165 151 138 0.1801'3 
2 370 331 297 270 246 223 204 185 170 0.13848 
3 412 372 338 308 282 261 242 221 204 0.11245 
4 448 408 374 342 317 293 272 255 236 0.09466 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTEI\ERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 240 208 182 161 142 127 117 106 '97 0.1'9338 
1 300 263 234 210 189 170 1SS 140 12'3 0.13024 
2 351 312 280 253 231 212 193 176 163 0.0'9818 
3 395 355 321 293 268 24E. 229 212 195 0.07878 
4 43€> 3'95 '359 '329 '302 280 259 242 227 O.OE.S79 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH #12 l-EX HEAD SCREW CCJNI\ECTIONS ON A 24/4 PATTERN 
SIDELAP CCI'II\ECTCRS ARE #12 HEX HEAD SCREWS 
THICKNESS= • 0358 INCHES 
NO. CF SPANS=1 SPAN 
NO. CF <FT> 
FASTEI'ERS 4.0 4 .. 5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 327 282 248 221 197 176 159 144 131 0.3226'3 
1 387 351 308 274 246 223 202 185 168 0.25377 
2 438 400 368 32'9 2'35 268 244 223 206 0.20'310 
3 482 444 410 380 346 314 287 263 242 0.17781 
4 523 482 448 417 389 359 32'9 304 280 0.15466 1-' 
""" 
"' 
NO. CF SPANS=2 SPAN 
NO. CF <FT> 
FASl"E}.ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 253 221 195 176 157 142 131 119 110 0.21513 
1 319 287 255 229 208 189 174 159 146 0.15793 
2 376 340 312 282 257 236 217 200 185 0.12476 
3 427 389 357 331 306 280 259 238 221 0.10311 
4 474 436 402 372 346 323 302 278 ·25'9 0.08786 
NO. CF SPANS=3 CR ~E SPAN 
NO. CF <FT> 
FASl"E}.ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 227 200 178 161 144 131 121 112 104 o. 16134 1 295 265 238 214 195 178 163 151 140 0.11464 2 353 321 2'91 2GB 244 223 206 191 178 0.088'90 3 408 370 340 312 2'91 270 248 231 214 0.07260 4 455 417 385 355 32'3 308 28'9 270 253 0.06135 
SHEAR DIAPHRAGM DESIGN 
SO! STMDARO DECK WITH #12 l-EX HEAD SCREW CONI\ECTIONS ON A 24/4 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKI\ESS= • 0474 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 351 310 276 248 223 202 185 168 155 0.2718'3 
1 444 3'35 35~ 321 2'31 265 242 223 206 0.22045 
2 531 480 434 3'33 357 327 302 278 257 o. 18538 
3 5'35 553 510 463 425 38'3 35'3 334 310 0.15'3'33 
4 655 610 572 536 4'31 453 41'3 38'3 361 0.14063 f-' \J1 
0 
NO. OF SPANS=2 SPAN 
1\D. OF <FT> 
FASTEI\ERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 K1 
0 276 246 223 202 185 168 155 144 134 0.18126 
1 370 331 300 274 251 231 214 1'37 185 0.13825 
2 455 417 378 346 317 2'33 272 253 238 0.11173 
3 525 487 451 41'3 385 355 331 308 28'3 0.0'3375 
4 5'31 548 512 478 448 41'3 38'3 363 340 0.08075 
NO. OF SPANS=3 OR MORE SPAN 
1\0. OF <FT) 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 '3.0 Kl 
0 251 225 204 187 170 157 146 136 125 0.135'34 
1 344 310 282 25'3 238 21'3 204 1'31 178 0.10070 
2 427 3'33 361 32'3 304 282 263 244 22'3 0.07'3'36 
3 502 461 42'3 400 372 344 321 300 282 O.OGE-31 
4 5e.B 527 491 45'3 42'3 404 380 355 334 O.OSE.E-4 
SHEAR DIAPHRAGM DESIGN 
SOl STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 24/3 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= • 0295 INCHES 
NO. OF SPANS= 1 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 Kl 
0 255 227 204 17E. 153 134 11'3 106 '33 0.58016 
1 293 268 242 223 200 176 157 140 127 0.3'3072 
2 325 300 276 255 23E. 21'3 1'35 176 15'3 0.29454 
3 348 325 302 282 263 246 231 212 1'33 0.23636 f-' 1./1 4 368 34E. 325 3QE, 287 270 255 240 225 o. 1 '3737 f-' 
NO. OF SPANS=2 SPAN 
NO. OF <FT> 
FASTENERS 3.0 3.5 4.0 4.5 5.0 5.5 E •• o 6.5 7.0 K1 
0 2QE. 180 15'3 138 123 108 '37 8'3 80 0.38677 
1 255 227 206 187 168 151 136 123 112 0.234'31 
2 2"33 268 242 223 206 18'3 174 159 146 0.16868 
3 325 300 276 255 236 219 206 1"33 178 0.13158 
4 348 325 302 282 263 246 231 217 206 0.10786 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTBIERS 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 K1 
0 187 163 144 127 112 100 "31 82 74 0.2"3008 
1 240 212 1"31 172 157 142 12"3 117 108 0.167"34 
2 282 255 231 210 193 178 165 153 140 0. 11818 
3 314 289 265 244 225 210 195 182 172 o. 0"3116 
4 342 317 2"33 274 255 238 223 210 1"37 0.07420 
SHEAR DXAPHRAGM DESXGN 
SDI STAI\DARD DECK WITH #12 t-EX l-EAD SCREW COI'II\IECTIONS ON A 24/3 PATTERN 
SIDELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKI\ESS= • 0358 INCHES 
NJ. CF SPANS= 1 SPAN 
NJ. CF <FT> 
FASTEJ\ERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Kl 
0 255 21'9 1'91 168 148 131 119 106 95 0.48404 
1 306 280 251 223 197 178 161 146 131 0.34392 
2 346 .321 297 276 248 223 204 185 170 0.26671 
3 380 355 331 312 293 270 246 225 206 0.21782 
4 410 385 363 342 323 304 289 265 244 0.18407 ...... 1.11 
N 
NJ. CF SPANS=2 SPAN 
NO. CF <FT> 
FASTEIERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 200 174 153 136 123 110 100 '31 82 0. 3226'3 
1 259 236 212 1'31 172 155 14C 131 ~21 0.20910 
2 308 282 259 240 221 202 185 170 157 0.15466 
3 348 323 300 278 261 244 227 210 1'35 0.12271 
4 382 357 334 312 293 276 261 246 231 0.10170 
NJ. CF SPANS=3 OR MORE SPAN 
NJ. CF <FT> 
FASTEIERS 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 K1 
0 180 157 140 125 112 102 '33 87 78 0.24202 
1 240 219 200 180 163 148 136 125 117 0.15022 
2 293 268 246 227 210 1'35 178 165 153 0.108'91 
3 336 310 287 2~ 248 234 219 206 191 0.08541 
4 372 346 323 302 282 2e.S 2S1 238 22S 0.0"1026 
SHEAR DIAPHRAGM DESIGN 
SOI STANDARD DECK WITH #12 HEX HEAD SCREW CONNECTIONS ON A 24/3 PATTERN 
SIOELAP CONNECTORS ARE #12 HEX HEAD SCREWS 
THICKNESS= .0474 INCHES 
NO. OF SPANS=1 SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 270 238 210 187 165 148 134 121 108 0.40783 
1 363 323 287 259 234 210 193 176 161 0.30210 
2 431 402 365 329 300 274 251 231 212 0.23990 
3 482 455 427 402 368 336 310 287 265 0.1'3894 
4 527 500 472 446 423 397 368 340 317 0.16993 
"'""' \J1 
w 
NO. OF SPANS=2· SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 E .• 5 7.0 7.5 8.0 8.5 9.0 Kl 
0 214 191 172 155 140 127 117 108 100 0.27189 
1 308 276 251 227 208 1'91 176 163 151 o. 18538 
2 378 351 327 300 274 253 234 219 204 o. 14QE.3 
3 440 410 382 35'9 338 314 293 272 255 o. 11328 
4 4'91 461 434 408 387 365 348 327 308 0.0'9484 
NO. OF SPANS=3 OR MORE SPAN 
NO. OF <FT> 
FASTENERS 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 K1 
0 1'97 176 15'9 144 131 121 112 104 95 0.20391 
1 28'9 261 238 217 200 182 170 159 148 0.13371 
2 35'9 334 310 28'9 265 246 22'3 214 200 0.0'9947 
3 423 3'93 368 344 325 306 287 268 253 0.07919 
4 476 446 419 395 374 353 336 31'9 304 0.06578 
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PREFACE 
The work contained in this section is a summary of deck 
diaphragm studies made at the Major Units Laboratory of West 
Virginia University over the past fifteen years. This effort 
has been sponsored by the Department of Civil Engineering at 
West Virginia University, The Steel Deck Institute, the 
Institute's member companies, and other manufacturers. These 
studies have also involved layered wall assemblies, vermiculite 
concrete filled diaphragms, and other unique systems. The 
work reported here deals only with typical open fluted shapes 
such as those in commonly used deck, but the design process 
is applicable to all diaphragm systems. 
This study is the support document for the 1981 Steel ~ 
Institute Diaphragm Design Manual, Section I. In comparing 
this section and Section I, changes in some symbols and slight 
modifications in certain formulas should be kept in mind. 
Larry D. Luttrell, Ph.D., P.E. 
Hsin-Tien Huang, Ph.D. 
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Shear diaphragms are membrane-like devices which are 
capable of resisting deformation under in-plane shear load-
ing. Common applications of such devices are made in the 
aircraft industry where the "stressed-skin" concept is used 
as an element aiding the structural frame in the fuselage 
or wings. Similar in-plane shear resistance of this ele-
ments fs used in plywood box beams, in plate girders on 
bridges, in walls of railway cars, and in many other in-
stances. All of the above cases use essentially flat to 
gently curved sheets and, as such, lend themselves to rather 
straightforward analysis. 
An equally common but more complex application for 
shear resistance arises 1n roofs, floors, and walls 1n 
buildings. These surfaces or diaphragms are used mainly 
to enclose a structure and have, as their principal func-
tion, the resistance of loads normal to their surface such 
as those due to wind or earthquakes. If one imagines an 
enclosed box with all sides intact, 1t is easy to see that 
loads parallel to one surface can be transferred to adjacent 
surfaces through in-plane resistance. 
Figure 1-1 shows a simple structure where advantage of 
the in-plane resistance can be taken. The surfaces are 
covered with panels and wind loads on the far wall are 
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action in the panels. The roof surface then acts as a beam 
loaded on one edge receiving its reactions from the end 
walls as well as the interior frame. The frame itself is 
h "b " indeterminate, the reactions are not so simple, t e eam 
properties are complex but, nonetheless, it is still a beam 
resisting load. 
The purpose of this investigation is to determine what 
are the diaphragm shear characterist;cs,especially in terms 
of reliable strength and stiffness. It is important to 
note that the objective is to evaluate the ordinary systems 
com~only used and not to develop aircraft perfection into 
the designs. Such diaphragms require excessive connection 
details not usually competitive within Civil Engineering 
applications. 
As indicated above, plane systems lend themselves, 
with some success, to classical analysis. However, typical 
roof diaphragms, such as in Figure 1-2 having corrugated 
elements, do not. The panels are discretely connected, 
are fluted or corrugated, have long unconnected regions on 
their edges (sidelaps) and, under shear, immediately show 
twist, warping, bending and generally complex behavior. 
Because of the complexity of diaphragm systems, it has 
not been possible until now to establish successfully theo-
retical analytical studies on this subject. Structural 
engineers have relied mostly upon full-scale diaphragm 
tests for design values. Such full-scale diaphragm tests 
a 
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Figure 1-2a. Diaphragm Configurations 
Figure 1-2b. End Fasteners ArrangeMents 
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are expensive and time consuming, and test results are 
applicable only to identical assemblies, using the same 
panels as tested with directly equivalent fastening systeros. 
The need for a more general method of analysis is clear. 
The •ain question 1n this study is how to evaluate the shear 
strength-stiffness relationships of systems with the wide 
range of variables possible. 
1.2 Object and Scope of Investigation 
It 1s possible to consider a roof section such as half 
the roof 1n Figure 101, assemble this into a shear panel for 
testing as in Figure 1-2a and to make tests directly estab-
lishing the load-deflection behavior. Although this is often 
necessary, many tests might be required to establish values 
for even commonly used panels. Figure 1-3 indicates but a 
few of the possible panel shapes and arrangements. Variables 
might include all sorts of geometric ratios such as h/f, 
h/d, g/t and thickness ratios as well as panel length, width 
and fastener layouts. 
It is obviously necessary to develop a rational analysis 
accounting for principal influences and to verify it before 
logical design criteria can be established. The present 
investigation was undertaken with the ai• of developing gen-
eral design equations for shear stiffness and ultimate 
strength. the further goal was to address reliability 
through a •ethod of "Load and Resistance Factored Design•. 
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for certain panel assemblies, but the proposed method is 
aimed toward minimizing such tests. 
The proposed method involves idealization of the struc-
ture by assigning to each individual component certain 
effective factors. Such factors are then combined in a 
logical sequence in order to develop general formulas. 
In many instances, test data exist whereby evaluation of 
the formulas can be made. From these 400 or so full-scale 
tests, covering most major variables, the reliability of 
the method can be established. 
1.3 Research Program 
The work is divided into two main parts dealing 
separately with strength evaluation and the development 
of stiffness formulas. Strength evaluation considers the 
basic behavior of connection devices such as individual 
welds, screws, power driven pins, or combinations of 
fastener types. Common assumptions of group behavior 
made in heavy steel joints having several fasteners may 
not apply here since the member thickness is radically 
different. 
The stiffness part of this work may well be the most 
important part since any shear system tends to greatly 
increase the structural redundancy in a building. It is 
necessary to have an effective shear modulus indicator 
within the elastic range if any analysis is to be done 
8 
with success. All parameters are treated in the proposed 
shear modulus equation and preliminary comparisons indicate 
a great deal of success. 
9 
REVIEW OF LITERATURE 
2.1 Review of Previous Research 
The first research work on light gage steel shear 
diaphragms in the United States was done by Nilson (25, 26). 
From 1956 to 1960, he tested about 46 full-scale diaphragms 
by the cantilever test method. This simplified test method 
has been widely used as a standard procedure. A descrip-
tion of this testing procedure is given in the design manual 
•oesign of Light Gage Steel Diaphragms" (1). 
He developed a simplified and practical welding tech-
nique for light gage panel connections. The puddle welding 
techniques used have become fairly common. He considered 
the effects of end closures and perimeter beams and observed 
that the flexibility of a diaphragm increases with the span, 
L, and with the depth, h, of the panel profile. He separated 
the total shear deflection into parts related to flexural 
stress, shear stress, seam slip, and slip at perimeter 
beams. He also applied this method to folded plate struc-
tures (27). 
Luttrell (20, 21), following the work began by Nilson, 
derived a semi-empirical equation to estimate the shear 
stiffness of standard corrugated diaphragms in 1965 and 
indicated that the panel length has a strong influence on 
stiffness but not on the ultimate strength. He concluded 
that warped regions of the diaphragm corrugation start at 
the end of the panels and penetrate a finite distance along 
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the corrugation. This distance is independent of panel 
length providing a non-linear relationship between stiff-
ness and panel length. Thus, shorter panels have a greater 
percentage of their length included in the warped region 
and, thus, are more flexible. Apparao (3) supported obser-
vations that length of diaphragms. fastener types, and con-
nector spacing are the major influences on shear stiffness. 
Hlavack (14) observed that the boundary conditions are the 
main factors influencing stiffness. 
luttrell (22) observed the influence of perimeter 
member stiffness and indicated that they had only a moder-
ate effect on the ultimate strength of the diaphragms. He 
also noted that increasing the number of sidelap fasteners 
between purlins will greatly increase stiffness and strength; 
increasing panel width will increase stiffness at a greater 
rate than strength; more closely spaced end fasteners will 
increase stiffness through reduced warping, but will have 
only moderate effect on strength; diaphragm shear strength 
varies almost linearly with the panel thickness and that 
an increase in material strength of 40% increased the dia-
phragm strength and stiffness only by about 10%. He also 
investigated shear diaphragms under reversed and pulsating 
loads. Compared to an identical diaphragm loaded directly 
to failure, it was found that the pulsating load resulted 
in a strength reduction of about 6%, and reversed loads 
cause a reduction fro• static shear strength of 5% to 10% 
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in screw fastened diaphragms and 5% to 20% in welded 
diaphragms. 
A simplified analysis of shear flexibility and strength 
of shear diaphragms was offered by Bryan and El-Daklakhni 
(5). They expressed the shear flexibility of the diaphragms 
as the sum of separate effects. such as deformation of 
sheet. slip at the fasteners. and slip in the purlin-rafter 
connections. They indicated that by separating the various 
effects. their method readily established the relative im-
portance of the effective factors. The solution was compared 
with earlier shear diaphragm tests performed by Bryan and 
Jackson (6). Falkenberg (13) explored warping in a deep 
corrugation profile and obtained slightly different results 
from Bryan and El-Daklakhni because the deep corrugation is 
more flexible than the standard corrugated deck. 
Easley and McFarland (12) used an energy method and 
large deflection theory to consider the buckling problem 
and developed equations that describe the post-buckling 
behavior of shear diaphragms. Their experimental work was 
performed on diaphragms without intermediate purlins and 
is of little benefit since their test model is not repre-
sentative of common civil engineering and construction 
practices. 
Luttrell and E111fritt (24) made about 160 full-scale 
shear diaphragm tests at West Virginia University with 
welded fasteners. different thickness of sheets. various 
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panel widths and lengths, with various purlins and fastener 
spacings. They derived empirical equations to predict the 
stiffness and strength of the shear diaphragms in terms of 
the most significant variables. These are checked against 
a theoretical solution which treats one panel flute as an 
eccentrically loaded, elastically restrained column between 
purlins. Design charts are given for diaphragm stiffness 
and strength with modification factors to account for the 
most common methods of deck installation. These equations 
and design charts are restricted in range and should be 
modified for a more general application. 
Luttrell (23) investigated screw fasteners in dia-
phragms and developed an equation to estimate the stiffness 
of such diaphragms. However, enough information was not 
developed to apply this equation to general practice. 
Energy method approaches were done by Libove and Lin 
(17, 18) regarding the analytical investigation of corru-
gated panels subject to the action of shear toad. They 
failed, however, to obtain more accurate results when 
compared with experiments. This research was very thorough 
and the reason for the relatively poor correlation may 
reside in the difficulty of defining correct boundary 
conditions. 
A finite element method was researched by Ammar and 
Nilson (2). The mechanical properties of the diaphragM 
components are incorporated in an analytical model of 
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the assemblage and the direct stiffness method of •atrix 
structural analysis is used. A piece-wise finite element 
modeling of corrugation geometry yields very good results 
compared to experimental values. However. it may not be 
a practical technique in a structural design office due to 
the computer time needed. 
Ting (31) used experimental data to derive empirical 
equations to predict the strength of shear diaphragms and 
also to predict the failure models. These equations pre-
dict the load and deflection relationship. but they are 
restricted to three types of corrugation. 
Lawson and Davies (8) applied Bryan's method from 
linear plates to non-linear plates and predicted the dis-
tortional flexibilities of corrugated sheets. They modified 
Libove's (17. 18} and Horne and Raslan's (15) energy method 
to more accurately express the displacement functions in 
terms of a Fourier Series. The increased accuracy may be 
attributed to the additional terms included in the analysis. 
Davies (7) considered a modification of Bryan's 
approxiMate method by improving the assumed internal force 
distribution. This method can be used for a wide range 
of diaphragm types and it has given adequate results for 
screw connected diaphragms of certain configurations. 
Davies (9) developed a simplified analysis of light 
gage steel diaphragms considered the diaphragms as a plane 
framework of prismatic members and analyzed them using any 
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readily available computer program for analysis of plane 
frames. The analysis was extended to include irregular 
diaphragms such as those containing large openings. The 
method is somewhat time consuming and not readily useable 
in design formulas. Consideration is also given to elastic-
plastic analysis and comparison with selected experimental 
results fs included. 
Easley (11) indicated that shear diaphragMs most often 
failed under load by localized bearing or shear failure at 
the fasteners. The shear stiffness of diaphragms depends 
greatly on the layout and number of fasteners. He derived 
formulas for shear stiffness and for the fastener forces in 
such diaphragms. These formulas should be applicable where 
bolts, rivets, screws, or welds are used as discrete fas-
teners, and where the diaphragm loads are fn the working 
range. The formulas are shown to agree quite well with the 
results of tests with special corrugation, but they •ay not 
be applicable to the more common sheeting profiles. 
All the above methods are limited by too much depen-
dence on fitting a theory, through appropriate constants, 
to the observed results. This study examines the behavior 
through more general approaches of individual element 
behavior. While testing may never be eliminated totally, 
preliminary evaluations seem to indicate that the approach 
does give good results compared to measured behavior. 
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DIAPHRAGM SHEAR STIFFNESS 
3.1 Introduction 
One of the common applications for steel deck is in 
flat roof construction where panels are connected to joists 
or beams with welds, screws, or power driven pins. When 
such a system is in place, it possesses in-plane shear 
strength and stiffness with the attendant ability to trans-
fer forces between support elements in the structure. 
Through such •beam-like" action, these horizontal "girders" 
or diaphragms can relieve loads on interior frames through 
force transfer to other more rigid points in the structure 
such as end walls. 
In an analogy to beams, most diaphragms have length-
to-depth ratios placing them in the short-deep beam cate-
gory and they generally have an effective shear modulus· 
about an order of magnitude less than a perfect flat plate. 
With these points in mind, 1t is unlikely that beam bending 
formulas will have much significance and a virtual certainty 
that shear stiffness will dominate any solution. 
In practical diaphragms made up from roof deck, con-
tinuity across panel edges is far from pe~fect and can have 
a considerable influence on strength and stiffness. These 
diaphragms are made from finite width sheets joined at 
discrete points around the edges with a limited number of 
fasteners. A panel connected at a few points is certainly 
weaker than a similar one connected at many points. 
16 
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Figure 3-1. Perfect Membrane Diaphragm in Diagonal 
Tension and With Pin Ended Edge Me•bers 
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a. Continuous Membrane b. Membrane with Slits 
Figure 3-2. Diaphragms to Indicate S1delap 
Effect at Imperfect Edges 
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Some understanding of the effect of discrete point 
fasteners on stiffness may be gained from Figures 3-1 and 
3-2. Consider the perfect diaphragm loaded with a force P 
and having a particular deflection A1• The diaphragm is 
continuous and the entire tension field is effective. If 
a cut representing a sheet sidelap without fasteners were 
introduced while keeping the load constant, some of the 
tension field would be relieved, allowing measurable in-
creases in A1 to some new value A2. It can also be observed 
that the amount of tension field rendered ineffective is 
greater with longer cuts. Thus, it is logical to conclude 
that diaphragm shear stiffness should decrease with greater 
sidelap fastener spacing. 
When narrow panels are used on a given area, more 
sidelaps (slits) are present than for wider panels on the 
same area. Therefore, wider panels of a given configura-
tion and method of connection should be stiffer than narrow 
panels that are otherwise identical. 
The introduction.of fluted or corrugated shapes intro-
duces further complications fn evaluating shear deflection 
characteristics. The flute geometry increases the effec-
tive width over which shear forces must be transferred and 
limits the number and spacing of connections at panel ends 
for most applications. 
Shear transfer across flutes and the effect of discrete 




(a) Vfew of End Condftfon 
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(b) Partial Free Body 
Figure 3·3. End Warping Due to Shear 
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The action of the shearing force P produces a couple in the 
plane of the top element. Since no shear forces can de-
velop across the free ends, they deflect an amount 6 until 
equilibrium is developed through geometry changes in the 
webs. Due to asymmetry of loading, 6 is an opposite sense 
on each end and, therefore, zero at midspan. The change 
in 6 is non-linear with changes in coordinates along the 
length being mostly a function of cross section geometry. 
Consider an infinitely long panel. All sections near mid-
span must be identical and no warping or deflection 6 can 
exist on these sections under shear load. As the panel is 
shortened slightly, warping is noted at the ends but not 
near the center which still behaves as the mid portion of 
the infinitely long strip (end effects are remote). Pro-
gressive shortening will produce sections in which the 
warped and low load resisting region constitutes a pro-
gressively larger percentage of the total section until 
the very short section is reached where practically no 
stiffness results. It can be seen that stiffness varies 
non-linearly with panel length L being greater for longer 
panels. The rate of change is strongly dependent on sec-
tion geometry and arrangement of connections at the panel 
ends. 
Diaphragm systems have been recognized as parts of 
design projects for several years, and determinations for 
their stiffness have rested on laboratory testing. Tests 
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have usually been made on a typical section of roof in-
volving several panels, typical purlins, and the connection 
devices to be used in the prototype as shown in Figure 3-4. 
The AISI Design Manual (1) defines the shear stiffness 
of diaphragms as the ratio of shear flo~ q,to shear strain, 
y, at 0.4 of the ultimate strength based on test results as 
shown in Figure 3-5. Therefore, the shear stiffness may 
be written as 
y 0-: G I = q --- = ( 






( 3- 1) 
where 
G• = Shear stiffness (kip./in.) 
P • Ultimate shear strength of diaphragms (kips.) 
u 
P • Design shear strength of diaphragms (kips.) 
a =Width of shear diaphragm (in.) 
l =Length of panel (in.) 
ll • Total shear deflection due toP (in.) 
One of the purposes of the present work is to deter-
mine what form a general expression would take to express 
shear stiffness independent of laboratory tests. Parameters 
such as material thickness, types of fasteners, corrugation 
profile, purlin spacing, and others make such an approach 
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(a) Shear Diaphragm Test Model 
(b) Testing Devices 
Figure 3-4. Typical Shear Diaphragm Test Model 
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Shear Deflection (in.) 
(b) Typical Test Curve 
Figure 3-5. Diaphrag• Layouts 
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23 
difficult. Considering the sizeable number of possible 
combinations of the variables, physical testing would 
become almost endless without such a general expression. 
The total deflection, A, of a system is the result 
of several influences such as 
a. Pure shear displacement (As) 
b. Displacement from warping (Ad) 
c. Slip at interior sidelaps (Ac) 
d. Slip at edge members (Ae) 
e. Slip at end members (An) 
f. Miscellaneous effects (Am) 
3.2 Pure Shear Displacement As 
If the generator of a corrugated shape were to remain 
perfectly straight during loading, no warping would occur 
and a pure shear state would exist. In Figure 3-6, con-
sider an in-plane rigid but otherwise flexible membrane to 
close the panel ends. Under a force P, one edge displaces 
relative to the other by 6s, in pure shear. The effective 
I 
stiffness G may be expressed as the material shear modulus 
G times the material thickness t with consideration of the 
effective shear width across the flutes or corrugations. 
G = G t d = E t d 
s 2(l+v}s (3-2) 
where 
d =Corrugation width or pitch (in.) 
s =Developed corrugation width (in.), 




Figure 3-6. Pure Shear Deflection 
(No Warping of Sheet) 
Figure 3-7. Distortion of Sheet After Removfng 
the "End Closures" 
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v = Poisson's Ratio 
t =Material thickness (in.} 
Alternately for the case in Figure 3-5 with perfect ends, 
t • P/Lt 
G' = Gt = tt 
y 
where t is the shear stress and y the shear strain. Since 
G' = P a/L 
~s 
{3-3) 
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3.3 Shear Displacement Imperfection 
(3-4) 
The removal of the end membrane on Figure 3-6 would 
allow the system to relax under a constant load P. The end 
would distort laterally by 6t with an increase in length-
wise deflection to 6s + 6dn· The evaluation of 6t is not 
unlike a beam on an elastic foundation where the "founda-
tion" is the bending resistance of the flute cross section. 
The "beam" consists of the top flange and part of the webs. 
Relaxation of the system leads to 6dn in Figure 3-7 
and, for the system width a, to ~dn • I6dn· Then the 
stiffness formula will be in the form 
G' • Pa/l (3-5) 
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Any further causes for increased deflection by slip while 
under a load P leads to 
G I = Pa/L (3-6) 
where tA is the total fastener slip deflection term. Slip 
The general shear stiffness Equation 3-6 may be rearranged 
to 
G I .. Et 
Etl (A 
+ 6 dn + I:Aslip) 
( 3-7) 
Pa s 




2{1 + ") s + on + Etl {Us lip) a Pa 
where D = Etl 6 dn n Pa 
n = 1, 2, 3 being an end fastener connection in each, 
every second, or every third valley, respectively. 
3.4 Warping Relaxation lion 
The effect of end warping is tedious to develop but 
leads to simple formulas for common deck profiles. This 
section develops the relaxation Adn for warping and con-
cludes with an example for Intermediate Rib Deck. Appen-
dices A, B and C relate to warping and formulas from those 
sources are numbered in the same way here. 
Consider the unit in Figure 3-8 with P1 representing 




Figure 3·8. Equivalent Spring System 
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Figure 3·9. Equ1va 1 ent Beam 
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Resistance to free lateral movement along de is provided 
by bending stresses being developed across the panel 
thickness, t. This resistance can be expressed as a 
spring constant k (see Appendix A). The end deflection 
6t due to shear force p' may be found by "beam on elastic 
foundation" as shown in Figure 3-9 and developed in 





6t = The end deflection of the top flange 
st ::: i kt 
4Eit 
kt = Equivalent spring constant 
A; is constant measuring panel length influence. 
sinh2(¥) + sir?(¥) 
= 
B·L B·L BiL B1L 
sinh(-1-) cosh(-1-) - sin(-) cos(-) 
2 2 2 2 
It .. "Beam"moment of inertia 
p' = (f/L) P, as discussed in Appendix B. 
Therefore, for any top element, c5t becomes 
(-f-) p At n L 
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where n = 1, 2 for single and double flute. If 6dn is 
the total longitudinal relaxation per fastener where 
n • 1,2,3 being an end connection in each, every second, 
or every third valley, respectively. 
~dn = n~ 6dn (3-9) 
The following equations are taken from Appendix C: 
n • 1 6dl -f.(&tl) (C-4) L 
n • 2 6d2 = 2f L ( 6t2 + ~ 6b2) f (C-6) 
n • 3 6d3 • f <26 t3 + 6tc3 + 4e 6b3) < c-7) L f 
where the subscript t refers to the top, b to the bottom, 
and tc to the middle flute top element. 
When bottom flanges are considered, n = 2 or 3, 
6bn = 
where c5bn is the lateral deflection of the bottom flange. 
For the more common installations An • 1, (see 
Appendix B, Equation B-11) and the top and bottom $ terms 
become 
8tn ·~ 4Eit (B-2) 
8bn :F!iE • b 
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The ktn and kbn terms are spring constants discussed in 
Appendix A. It and Ib are beam moments of inertia for 
the top and bottom elements, respectively, and from 
Appendix B. 
Since the corrugation is treated as a beam on elastic 
foundation, the "equivalent beam" of the top or bottom 
element is not only the top or bottom flange, but also 
some part of webs. The "equivalent beam" is treated as 
the top (or bottom) flange plus one-sixth of the web depth w, 
effectively treating the flange and part of the adjacent 
web as a channel. 
I ., 
t (f+w), (2e + w) 
Substituting Equations C-4, C-6 and C-7 into Equation 3-9, 
the general shear warping term Dn becomes 
Dn = Etl ~dn 
= 
~ 
2.Et f2 [ 2 nd L (3 -
+ (n - 1) (-1L) 2 
f 




n) ! ktn 
(3-10) 
where n • 1, 2 or 3 for single, double or triple flute case. 
31 
For application to the shapes commonly used, average 
cross section dimensions from several manufacturers are 
selected. Then the shear warping term On may be simplified 
and tabulated for design aids (see Appendix F, Table F-1). 
Therefore, substituting It, Ib, Stn and ebn intoiStn and 
6 bn• 




4 / ___ 3_k-.:t;.:.;n __ 
v Ef2 t ( f + w) 
2 V 3kb (-e-) n 
L 4Ee2t (2e + w) 
for any bottom element of width 2e. 
(3-11) 
(3-12) 
Each of the various spring constants can be expressed in 
the form 
(3-13) 
Substituting these into Equations 3-11 and 3-12 results in 






+tn (f + w) 
(3-14) 
[ V 16e2 6 bn • 48e •bn ] p Abn +bn (2e + w) LEtS/2 (3-15) 
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For various elements, the+ factors are determined in 
Appendix A. For the top element of a single flute, the 
spring constant is 
1 
{A-12) 
For the double flute case at top and bottom, respectively, 
"t2 = 1 ce <')21 + <')22) r 
{A-16b) 
lcb2 = 2eLf (A-16a) {e 
r <'ill + 0 12) 
Finally, for the triple flute case with ktcJ being for the 
top central element 
lcb3 = 2eLf (A-25) 
(l + k)<'lll + 6 12 2 f 
kt3 = 1 --·-- (A-26) (l + ?e) <')21 + <')22 2 f 
ktc3 
1 
------ {A- 2 7) = {l + ~) 1 <'ill + 0 22 + 2 <')12 2 f 
where 4h 2 {3f + 2w) (A-8) 6 11 = 
Et 3 
<')22 = h2 [ s(4e 2 - 2ef + t2) + d2(3f + 2w)] 
Et 3d2 (A-9) 
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(3f + 2w) (A-10) 
From Equation 3-8 the term On is the warping shear dis-
placement for the system with n R 1, 2 or 3 representing 




The use of material here is best illustrated by 
developing a single value of On in Table F-1. Suppose 
an intermediate rib deck has the geometry indicated below. 
Refer to Figure 1-3a for definition and note that left 
side equations bear the appendix numbers. 
f = 4.50" w = 1.5052" h • 1.500" 
e "' 0.625" d = 6.00" s • 2e + 2w + f = 8.76" 
2 (A- 8) : EI o11 = +(2w + 3f) = 12.3828 
(A-10): Eio 12 = -f-(2w + 3f) ... 6.1914 
(A- 9 ) : Eio 22 = 3.8343 
elf .. 0.1389 
(A-16b): kt2 = EI = 0.2130 El 
3.8343 + 0. 1389 (6.1914} 
{A-16a): kb2 = 0.2778 El • 0.03511 EI 0.1389(12.3828) + 6.1914 
For virtually all lengths of roof deck, the constant An •1. 
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In Equation 3-13, 
.b2 • 0.03511 
From Equations 3-14 and 3-15, 
6t2 "'[ 24(4.5} ( 0.2130 _j 0 ' 25J p 
0.2130 4(4.5)2(4.5 + 1.5052V LEtS/2 
= 73.35 P/LEt5/2 
6 b 2 ,. r4 8 , o . 6 2 5 , ( o . o 3 5 11 ) o . 2 5] p C o.o3511 16(0.625)2(1.25 + 1.5052) l£t5/2 
= 181.57 P/LEtS/2 
For this case with n"'2, from Equation C-6 
6d2 f [ 2(73. 35) + 1. 25 (18!.56)] p = 4.50 LEt 512 
'" 197.13 Pf ,. rz Pf ( 3-16) 
L2£t5/2 l2Et5/2 
Y2 • 197.13 
And finally from Equations 3-9 and 3-8 
D '" n n d l t3/2 
(3-17) 
For the present example with n • 2, f = 4.5", and d = 6" 
Dn = 73.92/Lt 312 (3-18) 
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The above calculations are for the "double" flute case 
under Intermediate Rib in Table F-1. Other values are 
determined similarly. 
For those cases where end fastener spacings are not 
uniform, an averaging technique can be used for Om; the m 
subscript denotes the mixed case. 
{3-19) 
In Equation 3-19, p1 indicates the fraction of diaphragm 
width covered by connectors in every valley, p2 that 
fraction with alternate valley connection, etc. The sum 
p1 + p2 + p3 must equal unity. Defined Pn • (mn · nd)/w 1 
m = Total numbers of end fastener connections 
n 
in each, every second, or every third 
valley per sheet. 
nd = Pitch of end fastener connection in each, 
every second, or every third valley (in.). 
w1 • Width of one sheet (in.). 
3.5 Slip at Interior Sidelaps Ac 
The action of a shear force P is transferred across 
interior panels through connections at panel edges, ~ 
through sidelap fasteners. Forces at these fasteners can 
lead to slip between connected parts, distortion of the 
panel material around the fasteners, tilting of the fas-
teners, and other effects leading to increase shear 
displacement in the system. 
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Consider the case in Figure 3-10. Within normal de-
sign ranges, slip at fasteners on a particular sidelap will 
be fairly uniform. Equilibrium at an edge will involve 
forces on all fasteners and such forces will be proportional 
to the connector stiffness. Interior purlfns do not trans-
fer any substantial shear unless large distortions and 
damages have developed in edge fasteners. 
Consider the fasteners along the interior sidelap 
under design load P as an equivalent fastener spring series 
in Figure 3-10d. Suppose the fastener spring stiffness 
values have been established for individual fasteners. 
Representing these fasteners stiffness by kf for sheet to 
structure fasteners and k for sheet to sheet (sidelap) 
s 
fasteners. Then in Figure 3-10c and 3-10d, the total 
relative slip at a sidelap is 26 and the two end members 
c 
contribute a resistance of 2kf. The purlfn connectors 
contribute npkf where np is the number of pur11ns. Indi-
vidual sidelaps have a stiffness of ks and there are ns 
of them. 
Figure 3-10c also indicates that repeating couples 
are present in the purlins and end members. This effect 
of fasteners away from the panel edges can be factored 
into the equilibrium equations by assuming their force to 
be proportional to edge fastener forces. Then examining 
half of a panel from its centerline 
P = 6c (2a1kf + npa2kf + nsks) (3-20} 
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(b) Total Shear Deflection Due to P 













(c) Slip and Forces Distribution at S1delaps 
(d) Equivalent Fasteners Spring 
Series 1n Sidelaps 
Figure 3-10. (Continued) 
-P 
39 
The fastener stiffness is the inverse of the fastener 
flexibility,~ kf = 1/Sf and ks • 1/(Ss/2), where Sf is 
the fasteners' flexibility of sheet to structure connectors 
and ss is sheet to sheet (sidelap) connectors. Since the 
slip of a sidelap fastener is relative to both sides of 
sheets, the flexibility of sidelap fastener is Ss/2. 
3-20 
where 
Substituting k = f 1/Sf and ks = 1/(Ss/2) into Equation 
leads 
(3-21) 2a 1 nEa2 2ns p = 6c( + + 
sf sf s 
s 
a a 1 
xi • Distance from panel centerline to each fastener 
in panel including those at edges (in.). 
w1 =Panel width (in.). 
a 2 = Similar to a 1 but for purlins. 
np a Number of purl1ns. 
ns = Total number of panel-to-panel connectors on a 
single sidelap except at purlins and ends. 
Sf • Fastener flexibility of sheet-to-structure con-
nectors (in./kip). (See Appendix D) 
S = Fastener flexibility of sheet-to-sheet connectors s 
(in./kip). (See Appendix D) 
Experimental test results from simple tension tests 
on lapped materials can be used to establish both sf and 
S5 as presented in Appendix 0. 
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If there are n5 h panels in the system, then there are 
nsh - 1 interior sidelaps and the accumulated effect of 
slip on interior laps is 
be = {nsh - 1}(2c5c) 
A "' c 
2P(nsh - 1) 
( 2 a 1 n a 2 2ns) s;- + _p_ + 
f Sf Ss 
(3-22) 
The factor of 2 in the numerator accounts for slip on both 
of the joined edges in Figure 3-10c. 
3.6 Slip on the Edge System Ae 
There are two general cases of edge system framing. The 
first is when the purl1ns and edge beams frame together at 
the same elevation and, in this case, Ae is usually quite 
small. The second 1s when the purlins frame on top of the 
edge beams and, since they are not at the same elevation, 
the system is less stiff and Ae may be quite large. This 
case is not a common application in most buildings. It would 
require a special analysis and is not considered in this 
paper. The first case is depicted in Figure 3-11 and, re-
ferring to this, it 1s possible to write for one edge 
2al "pa2 + ~) P "' 6 e (- + s sf sf t 
and for both edges 
( 2 St P ) ( Ae • 2Ae • 2a + n a2 + n 3-23) 
1 p e 
where n • the total number of sheet-to-structure fasteners 
e 
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3.7 Slip in End Fasteners~}, 
Deflection due to fastener slip perpendicular to the 
corrugation axes is not considered here. The fasteners are 
quite stiff relative to the corrugation's resistance to 
accordion-like folding tendencies and no observations of 
slip in this direction have been noted. 
3.8 General Stiffness Formula 
In Equation 3-8, the fasteners slip term tAslip is 
the sum of slip at interior sidelaps Ac and slip on the 
edge system Ae. Therefore, substituting Ac and Ae into 














then the general 
Et 
+ v)~ + DnA + C 
d 
Etl {A 
Pa c + Ae) 
Btn 
Atn + ( n -4n 
+ {n - 1 ) (n -
2 
2} 8tcn Atcn] ktcn 
shear stiffness G' 
{3-24) 
+ ".] 
1 ) (2e)2 8bn Abn f kb,; 
Specific examples using Equation 3-24 are presented in 
Chapter 5. 
The term A measures the resistance by pur11ns to some 
of the accordion-like panel bending. It is discussed in 
is 
43 
Appendix E in terms of the number of interior purlins in 
the system. 
_l A 
0 1. 00 






3.9 Approximate Warping Factors 
The magnitude of warping relaxation is directly re-
lated to the released force P' as shown in Figure 3-8. 
When the web element is inclined there is, of course, a 
horizontal force component arising from web shears which 
will increase 6t. For the typical narrow, intermediate, 
and wide rib decks having nearly vertical webs, this 
effect is small. However, for other cases such as corru-
gated panels having small top and bottom flats and web 
angles near 45°, the effect cannot be ignored. The value 
of P' can be multiplied by an appropriate factor repre-
senting web contribution to warping. Referring to 
dimensions in Figure A-2b, good results have been obtained 





Comparison of test results to theoretical results are shown 
in Appendix G, V-Beam Decks. 
One of the common decks is sinusoidally corrugated 
panel, which having f = 0 poses a problem, obvious in 
Equation 3-24. It would seem reasonable that a good approx-
imation for D would result from an "equivalent shape" 
n 
having flat ribs inclined to match their mid-height slopes 
with the top and bottom flats calculated to fit with the 
given pitch and depth. 
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DIAPHRAGM SHEAR STRENGTH 
4.1 Shear Strength 
The strength of a diaphragm is defined as the ultimate 
load Pu that it will resist. The ultimate shear strength 
Su in pl f ; s Pu/L, where L is the diaphragm dimension par-
allel to the direction of load application. The observa-
tion was made in the previous research (19, 20, 23) that 
purlin spacing, sheet thickness, fastener types and 
arrangements are the strongest influences on diaphragm 
behavior. A theoretical analysis should be possible, then, 
wherein the ultimate strength is related to the above 
factors. If there is a sufficiently large number of fas-
teners in a diaphragm, the ultimate strength may be con-
trolled by overall buckling. However, most common diaphragms 
have fasteners that are few and with wide spacing. In 
this situation, the strength of the diaphragm is below the 
buckling load and the failure under shear force is either 
due to shear failure of the fasteners, localized bearing 
failure of sheet around the fasteners. or local shear 
buckling. 
There are cases where fasteners are closely spaced, 
the support structure very flexible, and the panels of 
small thickness that can exhibit overall buckling without 
fastener failure. Such diaphragms are not common in the 
building industry and are not considered here. For other 
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kinds of diaphragms, there are imperfect connections and 
the shear buckling is called "strut-like buckling." 
The ultimate strength for a typical open cell or open 
corrugated roof deck is limited by any one of three possi-
ble failure mechanisms. One involves the longitudinal 
edge of a panel over the line where force transfer is made 
at joist ends and, from there, to the structural system. 
The second case involves interior panels, particularly the 
imperfect interior panel to panel or sidelap connections, 
which is called "strut-like buckling" as shown in Figure 
4-1. The third mode involves end fasteners failure as 
shown in Figure 4-2. 
4.2 Fasteners Failure in Edge Members 
For cases where shear strength fs dependent on fas-
tener strength, a simple model can be established repre-
senting any multiple sheet layout such as that shown in 
Figure 4-3a. Consider equilibrium along the centerline of 
an edge panel as in Figure 4-3b. Then 
(4-1) 
where a 1 the end distribution factor per al -- r.xi, 
wl 
panel. 
X; = Distance from panel centerline to any 
fastener in a panel along the end support 
members. 
a 2 m Purlin distribution factor similar to al. 
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(a) NStrut-like Buckling" in Sidelap and Edge 
(b) "Strut-like Buckling" in Edge and 
Edge Fasteners Failure 
Figure 4-1. "Strut-like Buckling" 
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Figure 4-2. End Fastener Failure 
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np • Number of purlins or joists excluding 
supports at panel ends. 
ne • Total number of edge connectors along the 
edge excluding those at the purlins and 
ends, (ne • 3 in Figure 4-3b}. 
Equation 4-1 can be rewritten as 
s • .!.u_ • (2a 1 + npa 2 + ne} Qf/L (4-2) u L 
Note that fasteners indicated by "e are presumed of equal 
quality to those at the ends of jo1 sts. They might not 
be in some cases and an appropriate modification of the 
formula would be required. 
4.3 "Strut-Like Buckling" 
Examination of an interior panel. Figure 4-4a. shows 
forces Ql and Q2 along the edges and a force Puw 1/L trans-
ferred from the end member to the sheet. Interior purlins 
or joists. not anchored to a rigid support. can transfer 
little or no axial forces. Considering equilibrium about 
the lower right corner. 
PUwl ) L L • 2A1Q1wl + npQ1wl + nSQ2wl + 2Me + nPMP 
( 4-3) 
where M • IF j X j the interior couple on a pur11n. p 
Me • tFixi the interior couple on an end member. 
Al • 1/ [ 1 + ( ~h >2], "strut-like buck 1f ng" 
factor (see Appendix D). 
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L = Purlin spacing (in.). 
s 
w1 "' Par.el cover width (in.). 
n c Number of sidelap (stitch) connectors not s 
at purlins (panel-to-panel only). 
The magnitude of forces F; and Fj relative to forces Ql 
developed by fasteners most remote from the panel interior 
are difficult to define. With large displacements along 
the edges. F. or F. may approach Q1. A conservative pos-1 J 
ture is taken here with Fi or Fj presumed linearly propor-
tional to Q1. Thus 
Fj = {2xj/w1)Q 1 and Fi = (2x 1tw 1}Q 1 
MP = Q1Exj(2xj/w 1} 
Me= Q1Ex 1(2x 1tw1} 
Note that MP and Me are at the panel interior and that x; 
and xj do not reach the edges. 
Equation 4-3 can be rearranged with s • P /L as 
u u 
Su • {2Al + np + nsas)~ + {2M + n M ) __ 1 __ 
L e P P w1L 
(4-4) 
where as • Q2/Q 1 or Qs/Qf• the ratio of sidelap connector 
to the strength of a panel to structure fastener. Then 
S =[2A 1 +n +na u p s s + 4t(x 1tw1 )2 + 2npt (xjtw1 ) 2Ji-t 
(4-5) 
4.4 Fasteners Failure in End Member 
The third mode that could limit strength involves 
resultant forces at panel ends. In Figure 4-4b~ the 
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Figure 4-4b. Possible Corner Forces Qv and Ql 
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fastener force per connector along the end member is 
= Pu a 0v -L- "1 
where n1 is the total number of end connectors over the 
section width a. 
The maximum possible force component Q1 at a corner 
fastener 1s 
The maximum possible resultant is 
Q = Jo2 + 02 
r 1 v 
Then, letting Qr approach the fastener strength Qf' 
Pu 






+ n +an + 4r(xi/w 1) p s s 
(4-6) 
Individual panel-to-structure fastener strengths Qf 




COMPARISON OF EXPERIMENTAL AND THEORETICAL DATA 
5.1 General 
Experimental and theoretical values of shear stiffness 
and shear strength are compared in Appendix G. Welded dia-
phragm comparisons are shown in Tables G-1 through G-4 and 
screw connected diaphragms in Tables G-5 and G-6. "Ramset 
NP-55-858 Fastener" diaphragms are compared in Table G-7 
and "Pneutek Fasteners" diaphragms in Table G-8. "Ramset" 
and "Pneutek" diaphragms are all mixed diaphragms, which 
use Ramset or Pneutek in sheet-to-structure connections 
and #12 TEKS screws in the sidelaps. 
In welded diaphragms, the average ratios of experimental 
to theoretical values for shear stiffness are 0.992 in "W" 
wide rib decks, 0.917 in "WB" wide rib decks, 0.851 in "A" 
narrow rib decks and 1.052 in "I" intermediate rib decks, 
and the average ratios of shear strength for the respective 
types are 1.168, 1.212, 0.981, and 1.243. The distribution 
of shear stiffness of test results to theoretical results 
are shown in Figures 5-2 and 5·3. 
Consistent quality of welded connections in diaphragm 
panels are inherently difficult to produce due to the prob-
lem of "burn-through." This inconsistency in turn makes 
it more difficult to determine reliable quantit1ve values 
for predicting the shear strength of this type of fastening 
compared to other types of connections. Therefore, to use 
the design formulas derived herein. it is necessary to have 
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good quality control for welded connections in actual 
installations. If this is not possible, other types of 
fasteners should be considered. 
In screwed type connections, the average ratio of 
experimental to theoretical values of shear stiffness is 
1.134, and of shear strength is 1.038. The shear strength 
in this type of connection can be accurately predicted, 
but sidelap connections should be carefully inspected as 
they tend to work loose and thus reduce the shear stiffness. 
In diaphragms where power driven pins such as uRamset" 
or "Pneutek" fasteners are used in sheet-to-structure con-
nections and screws are used in sheet-to-sheet sidelap 
connections, the average ratio of experimental to theoreti-
cal values for shear stiffness is 1.001 in Ramset and Pneutek 
mixed diaphragms. The ratios of shear strength are 0.933 
in Ramset and 0.904 in Pneutek. 
5.2 Evaluation of Shear Diaphragms 
In making experimental to theoretical comparisons, 
the approaches in Chapters 3 and 4 are used. Tabular 
results are given in Appendix G. By way of showing the 
methods for various types of connections in different 
types of panels, selected examples are given below. To 
facilitate the calculations, standard calculation forms 
have been developed and are included. 
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A. Welded Diaphragms - Example 
Listed in Table G-1 is Test Number W-5 Type w 
deck. Dimensions: a • 16', L • 20', sheet thick-
ness t • 0.0288", purlin spacing L = 60". Ends s 
and purlin fasteners are 12" O.C. All connections 
are 5/8"+ puddle welds. 
Since "W" wide rib deck is a standard deck 
profile, the standard shear stiffness and strength 
evaluation forms can be used from Appendix F -
Design Aids. 
1. Shear Stiffness Evaluation: Sheet-to-sheet 
flexibility Ss• sheet-to-structure flexibility 
Sf may be found from Appendix 0, Figure 0-7, and 
distortion On may be found from Appendix F, 
Table F-1. The factors representing fastener 
distribution in the ends (m 1) and the purlins 
(m2) use distances xi and Xj to locate the 
fasteners with respect to the center of the 
panel. The calculation for shear stiffness is 
shown on the "Standard Shear Stiffness Evaluation 
Form". 
2. Shear Strength Evlauation: The strength of 
fasteners Q and Q may be found from Appendix 0, 
s f 
Figures 0-5 and 0-6. The factors t(x1/w1) 2 in 
ends and t(xj/w 1)2 in purlins use distances xi 
and xj to locate the fasteners with respect 
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to the center line of the panel with the extreme 
edge fasteners omitted. Calculations of shear 
strength are shown on "Standard Shear Strength 
Evaluation Form." 
The comparison of experimental and theoreti-
cal results in "W-5" diaphragm are 
G' (Exp.) • 
G'{Theo.) 11.10 ~k~in.~ 11.79 k 1n. • 0.941 
s u ( EX p • ) • --.i4l-X-O-i-1 +--( P;;l-irf+) -- • 1. 00 8 
Su(Theo.) 398(plf) 
and 
SHEAR STIFFNESS EVALUATION 
Ls = 60" 
Fastener Patterns 




Panel Type: w • R1 b 
Sheet length: L = 240 1n. 
No. of Purl1ns:n = 3 
Nom1 na 1 Sheet P ......;.__ 
Width: w1 • 24 1n. 
No. of Sheets: nsh • ___ 8_ 
Purlfn Effective 





Test Type: Diaphragm W-5 
Sheet Base Metal 
Thickness: t • 0.0288 1n. 
Diaphragm Width: a •l!£_1n. 
Structural 
Fasteners: 5/8"+ puddle 
Stitch 
Connectors : ~5/L-,;8::;...'--:.~' •~P.:..Ud;;;..;d::...:l:..::e~ 
Young's Modulus: .::.E_•-..:2:..::9..::.5..::.0.::..0....:.k.:..::s:..:..i. 
No. of Sheet-to-Sheet Connectors along L: ns • __ _...,:.0~---
No. of Edge Fasteners along Edge not at Pur11ns: n • e 
Sheet-to-Sheet Fastener 
Fl ex1 b111ty Factor: s5 • ---=-0..:..... 0=0:..::8;...:.4 ___ ( in. /k 1 p.) 
Sheet-to-Structure Fastener 
Flex1b111ty Factor: Sf = 
---=0_.:.. • .::..;00:..:.7 ___ ( 1 n • I k 1 p • ) 
tx 1Jw 1 = {12 + 12)/24 = 1.0 
0 
c "' 2Et l St [ "sh - 1 1 J 
a 2al + npa2 + 2ns sf/ss +2a1 + npa2 + "e 
.. 2(29500) (0.0288) (20/16) (0.007)[ 2 r 3 + 2 ! 3]. 23.789 
01 • o2 • 65.18/Ltl5 • 55.57 
03 • ------·---
G' • Et 
= 
2(1 + v)(s/d) + D~ + C 
• (29500) (0.0288) ka . 11.79 ka 
2(1 + 0.3) (~) + 55.57 X 0.8 + 23.789 
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SHEAR STRENGTH EVALUATION 
Panel Type: W - Rib Test Type: --~W~-~5~---------­
Sheet Length: L ~ 20 ft. 
No. of Purl1ns: np • _3'---
Purl1n Spacing: Ls = 60 in. 
Nominal 
Sheet Width: w1 • 24 in. 
Sheet Base Metal 
Thickness: t • 0.0288 
Diaphragm Width: a • 16 
Structural 
Fasteners: 5/8"+ Puddle 
Stitch 
Connectors: 5/8"+ Puddle 
No. Sheet-to-Sheet Connectors along L: ns = 0 
in. 
ft. 
No. of Edge Fasteners along Edge not at Purlins: ne = 0 
n1 ~ (No. of End Connectors/Sheet) (No. of Sheets)+ 1 • 17 
Purlin Conn. Layout 
1--- w • 24" 
12" 1 12:1 ~
Stitch Connector Strength (Figure 
Structural Conn. Strength (Figure 
as • Qs/Qf a 0.874 
FY • 44.5 ksi 
a1 ~ Exi/w 1 • {12 + 12}/24 • 1.0 
End Conn. Layout 
l---w 1 • 24" ----! 
~
) : Qs • 1490 
}: Qf. 1704 
1 
• 0. 835 ( Ls ) 2 1 + 
ITS 




c1 ·! 1_a )2 + [ L 
+ 2npE(xjtx 1) 2"] 2}., "1 2 + "P + as"s + 4E(x 1;w1)2 
.. [ (16/17)2 + (2 ;o3 >2J ~ 
• 4.109 ft. 
su a Qf/C1 a 1704/4.109 • 415 plf. 
Critical Value, Smallest Value Above. 
Max. s • 398 plf. u 
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B. Screw Connected Diaphragms - Example 
The fastener flexibilit1es Ss and Sf and the 
strength of fasteners Qs and Qf are found 1n Appen-
dix O, Figures 0-10, D-11 and D-12. The distortion 
factor, Dn is found 1n Appendix F, Table F-1. The 
values contained in these appendices may only be 
used if the sheet profile is of a standard - W1de, 
Narrow or Intermediate rib decks. 
The calculations for a screw connected diaphragm 
are shown in "Standard Shear Stiffness" and "Shear 
Strength Evaluation Forms." The comparison of experi-
mental and theoretical results are 
G' fExe.} .. G' Theo.) 15.30 ~k~1n-~ 13.01 k 1n. • 1.176 and 
Su(Exp.) 
• 388 p~lf~ Su(Theo.) 397 plf • 0.977 
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SHEAR STIFFNESS EVALUATION 
w 1~"li-Ls • 48"-1~-;,dge 
-··- .---Sidelap 
:::t:::~.;;~:=-= ~ctt=·--;~rlin ~r--\J 
12" 6" 12" 
- ~ 't' 't' '-' l.f e g g e 
r t t f -t--t--1 
1--'·-- d • 6" -·---l 
Purlfn~~ 
Panel Type: I-Rfb 
Sheet Length: L • 240 in. 
No. of Purlins: "P = 4 
Nominal --~---
Sheet Width: w1 • 30 in. 
No. of Sheet: n5 h = 7 
Purlf n 
Effective Factor: A = 0.71 
Test Type: Diaphragm #5 
Sheet Base 
Thickness: t • 0.028 in. 
Diaphragm Width: a • 192 1n. 
Structural 
Fasteners: #12 TEKS 
Stitch Connectors: #12 TEKS 
Young's Modulus: E •29500 ks f 
No. of Sheet-to-Sheet Connectors along L: n5 • 5 
No. of Edge Fasteners along Edge not at Purl ins: ne • 5 
Sheet-to-Sheet Fastener Flex. Factor: S5 • 0.0355 (fn/kfp) 
Sheet-to-Structure Fastener Flex. Factor:Sf= 0.0172(1n/kip) 
a1 • r~ • {15 + 3 + 3 + 15}/30 • 1.2 a 2 • r* • 1.2 
w1 1 
C .. 2Et L Sf [ "sh - 1 + 1 J 
a 2a 1 + npa 2 + 2n 5 Sf/S5 2a 1 + npa 2 + ne 
= 2(29500)(0.028)(~)(0.0172{ 2x1. 2 + 4 xl.~ + 2xsxO.Ol72) 
1.( 0.0355 
+ 1 J 20.604 2x1.2 + 4xl.2 + 5 • 
D1 • 13.74/ltl.S • 12.219 
D3 • -----------
o2 • 73.92/Lt 1· 5 • 65.74 1 4 
Dm • {~)(12.219)+(~)(65.74)•55.30 
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G' • Et Z(1 + v)(s/d} + OA + C 
• 
• 
29500 X 0.028 




SHEAR STRENGTH EVALUATION 
Panel Type: I 
- Rib Test Type: Dia(!hragm #5 
Sheet Length: L ,. 20 ft. Sheet Base 
No. of Purlins: Metal Thickness: t • 0.028 1 n. n • 4 p Diaphragm Width: a • 16 ft. Purl in Spacing: Ls = 48 1 n. St ructura 1 Nominal Fasteners: 112 TEKS Sheet Width: w1 • 30 in. Stitch 
Connectors: 112 TEKS 
No· Sheet-to- Sheet Connectors a 1 ong L: "s = -----"-5 ___ _ 
No. of Edge Fasteners along Edge not at Purlfns: "e • 5 
"1 = (No. of End Connectors/Sheet) (No. of Sheets)+ 1• 21 
Purlfn Conn. Layout 
i--- w1 • 30" 4 
~~'-1 
Stitch Connector Strength (Figure 
Structural Conn. Strength (Figure 
as • Qs/Qf • 0.495 Al • 
al • rx 11w1 • ..u.s + 3 + 3 + 15}/30 
a2 • tx /w • j 1 1.2 
1 
End Conn. Layout 











475 1 bs. 
960 lbs. 
)2 • 0.8878 
• 1. 2 
Su • (2a 1 + npa2 + ne) Qf/L • (2xl.2 + 4xl.2 + 5)(960)/20 • 
585.6 plf. 
t(x 1;w 1 )2 • .U.:... + 32)/{30) 2 • 0.02 t{x/w1 ) 2 = _0...._._0""""2 __ 
S '" r2A 1 + n + n a + 4r(:l_) 2 + 2 u l p s s w1 n r(.:L) 2J Qf/L p wl 
• (2x0.8878 + 4 + 5x0.495 + 4x0.02 + 2x4x0.02)(960)/20 • 
407.5 plf. 
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cl ·{ (_a )2 + [ L fl~ 
"1 2 + "P + a 5 n5 + 4E(x 1/w1)2 + 2npt(x1!w1)2 
·I (__!L) 2 + [ 20 .1 2 } \ 
21 2 + 4 + 0.495x5 + 4x0.02 + 2x4x0.02] 
2.418 ft. 
_ __;;3..;..9.;..7 ___ ,p 1 f. 
Critical Value, Smallest Value Above. 
_ __;;3;.;;.9...;..7 ___ p 1 f. 
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C. Ramset with Screws Shear Diaphragm- Example 
This kind of shear diaphragm has mixed fasteners. 
Sheet-to-structure connections are Ramset fasteners 
and sheet-to-sheet connections are #12 TEKS screws. 
The strength of fasteners Qs and Qf' and the flexi-
bilities of fasteners Ss and Sf are found in Appendix 
0, Figures D-13 and D-14. Calculations of shear 
stiffness and shear strength are shown on the "Stan-
dard Evaluation Forms." 






21.0 (k./in.) • 0 _983 
21.37 (k./in.) 
715 (plf) 
--=7=-""6-=-9 ....,(;.:-p...-1-:f r-) - = 0 . 9 30 
and 
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SHEAR STIFFNESS EVALUATION 
1-Ls • 80" --1 
End 
Fastener Patterns 
12" 12" 6" 
End 
Purlin~~ 
Panel Type: 30" w 
Sheet Length: L • 240 
No. of Purl1ns: n • p 
Nominal 
Sheet Width: w1 • 30 
No. of Sheet: nsh • 
Purl in 



















Thickness: t • 0.034 in. 
Diaphragm Width: a • ~in. 
Structural 
Fasteners: NP 55 858 
Stitch Connectors: #12 TEKS 
Young's Modulus: E • 29500ks1. 
No. of Sheet-to-Sheet Connectors along L; ns • --~12~----­
No. of Edge Fasteners along Edge not at Purlins: "e • 12 
Sheet-to-Sheet Fastener Flex. Factor: s5 • 28 x 1~3(in/k1p) 
Sheet-to-Structure Fastener Flex. Factor: Sf•8.3 x 10- 3(1n/k1p) 
• 2(29500)(0.034)(i4~)(8.3 X 10- 3) 
[ 2xJ.4 + 2x!.4 : 2xl2 (hl) 
28 
+ 1 ]· 11.01 
2xl.4 + 2.8 + 12 
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01 • 7.85/Lt 1· 5 • 5.217 o2 • 65.18/Lt 1· 5 • 43.30 
1 4 
D3 • om • ('[)5.217 + (~)43.30 • 35.6~ 
G I • Et 
2{1 + v)(s/d) + OA + C 
29500(0.034) 
. -------------------------------
2(1.0 + 0.3)(~) + 35.69x0.9 + 11.01 (k1p/1n.) 
• 21.37 k/in 
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SHU.R STRENGTH EVALUATION 
Panel Type: 30" w Test Type: __ ~R~a~m~s~e~t_2~-~2~-
Sheet Length: L • 20 
No. of Purlins: np '" 2 
Pur11 n Spacing: L .. 80 s 
Nominal 
Sheet Width: w1 • 30 
ft. Sheet Base 
Metal Thickness: t •0.0341n. 
Diaphragm Width: a • 16 ft. 1 n. 
Structural 
in. Fasteners: NP 55 B58 
Stitch Connectors: #12 TEKS 
No. Sheet-to-Sheet Connectors along L: ns • ----~1~2~-----­
No. of Edge Fasteners along Edge not at Purlins: ne• 12 
n1 • (No. of End Connectors/Sheet) (No. of Sheets) + 1 • 21 
Purlin Conn. Layout 
1...____ W a 3 0 II ----::-1 ~2" 1 12" 6" 
v-v~ 
Stitch Connector Strength (Figure 
Structural Conn. Strength (Figure 
End Conn. Layout 
(As at left) 
) : Q • 660 lbs. s _.:::.=.;=----
): Qf • 1750 lbs. 
0.377 ).1 • ----=1~-- • _0;::...:....;. 7'-4 ___ _ 
1 + < ~3s >2 
F • k.si y 
a1 • tx1/w1 • {3 + 15 + 9 + 15}/30 ,. 1.4 
02 • txj/w1 • 1.4 
s • ( 2a1 + nPa2 + "e) Qf/L • u 
(2x1.4 + 2x1.4 + 12)(1750)/20 • 1540 plf. 
t(x1/w 1>2 • (32 + 92)/(30)2 • 0.10 t(x /w ) 2 • j 1 0. 10 
+ n5 a + 4t(~) 2 + 2 n t(:i) 2 ] Qf/L s w1 p w1 Su • [ 2a1 + np 
·[ 2(.74) + 2 + 12(.377) + 4(.1) + 2(2)(.1)] ( 1750/20)· 
770 plf. 
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cl +~)2 •[ 2 
·{ ( ~~ ) 2 + [ 2 
L ]2}~ 
+ np + ~s"s + 4t(xi/w1)2 + 2np t(x 1/w1) 
• 2 • 12( .;~7) • 0.4 • 0.4rt • 2.276 ft. 
1750/2.276 • 769 plf. 
Critical Value, Smallest Value Above. 
Max. Su .. _....:7-=6~9 ___ p 1f. 
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D. Pneutek Pins with Screws Shear Diaphragm 
For mixed fasteners shear diaphragm. the sheet-to-
sheet and sheet-to-structure f1&x1b111t1es S5 and Sf, 
and the strength of sheet ·to-sheet and sheet·· to·· 
structure connections Q5 and Qf are found 111 Appendix 
D, Figures 0-15 and D-16. For example, Pneutek Dia-
phragm No. 3 is 4" SQ RIB decks. sheet-to-structure 
connectors are Pneutek 144 x 5/8 and sheet-tv··sheet 
(Lap) connectors are 112 TEKS screws. SQ RIB de~ks 
are not "standard shapes" and they require the use 
of the "Standard Evaluation Long Form" instead of the 
"Standard Evaluation Short Form." 
The comparison of experimental and theoretical 
results are 
G' ~EX(!.} 
G1 Theo.) • 35.60 35.32 fk.~1n.~ k. 1n. • 1. 008 and 
Su(Exp.) 420 ~plf~ 0.998 Su(Theo.) • 421 ---. plf 
Calculations of shear strength and shear stiff-
ness are shown on the evaluation forms and comparisons 
are shown in Figure 5-l. 
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SHEAR STIFFNESS EVALUATION 
f-- ls .. 60" -"f 





s • 2(e + w) + f • 
5.236" 
"'~ . 1. 6~5" 
w .. 1.11~ T 
--------
h • 1.0" 
Fastener Patterns 
End f ~ 
Purl in 
Panel Type: 4" SQ RIB 
Sheet Length: L • 240 in. 
No. of Purl ins: 
Nominal Sheet 
Width: w1 • 
No. of Sheets: n s h • ----"6'--
Purlin Effective 
Factor: ' • 0 8 " ___ _::....;.•....;:;..__ 
.. 4" I 
e .. 0.6875";g • 0.5" 
Test Type: Pneutek Diaphragm #3 
Sheet Base Metal 
T h f c k ness : t • -~0~·~0..:.2.::.:88:!..--_1 n • 
Diaphragm Width: a • 192 1n. 
Structural 
Fasteners: Pneutek 144 x 5/8 
Stitch Connectors: 112 TEKS 
Young's Modulus: E • 29500 ksi. 
No. of Sheet-to-Sheet Connectors along L: n5 • ----~4 ____ ___ 
No. of Edge Fasteners along Edge not at Purlins: "e • __ 4~­
Sheet-to-Sheet Fastener Flex. Factor: Ss •_ 35 x to- 3(in/k1p) 
Sheet-to-Structure Fastener 
Flexibility Factor: Sf • 12.3 x 10-3 (in/kip) 
a1 • !xitw1 • (2 + 10 + 18 + 6 + 14 + 18}/36 • 1.89 
a2 • !Xi/w1 •------------~1~·~8~9 __________________ ___ 
C • 2 Et L Sf nsh - 1 1 ------~----------- + ------~------
a za 1 + npaz + 2ns Sf/55 2al + npaz + ne 
• 2(29soo)(0.0288)(~}(12.3 x 1o· 3> 
[ ----~5--------+--~1-------J 2x1.89 + 3xl.89 + 8xl2.3/35 2xl.89 + 3xl.89 + 4 
Eia 11 • ~(3f + 2w) • 1/3 (3xl.625 + 2x1.118) • 2.38 
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EI622 • h2 [ s(4e2 - 2ef + f2) + d2(3f + 2w)] 
12d2 
: 1 l 5.236 (4 X 0.6875 2 - 2 X 0.6875 X 1.625 
12(4) 2 
l 
+ 1.6252) + (4) 2 (3 X 1.625 + 2 X 1.118)] m 0.6552 
I • t3/12 • (0.0288) 3/12 
I • t 
f 2t (f + w) • 1.625 2 (0.0288) (1.625 + 1.118)/12 
12 
(2e + w) • 0.6875 2 (0.0288) (2 x 0.6375 + 1.118)/3 
= 16.61 El 
• (16.61 Et)0.25 = (!.1525 t2) • 0. 1477 
4 Elt f2(f + w) 
0 • 2 Et f 2 8tl (2 x (1.625}2 0.1477 X ~)• 0. 7l 
1 dl ~ At1 s 4 x 240 - ) (16.61(0.0288)~ 
kt2 • 1 1 "' 0. 86 3 £I = ( 622 + e/f 621 ) 0.6552 + (~875)1 19 1.625 . 
kb2 • (2e/ft (612 + e/ 611) = 0.385 EI 
8b2 • (kb2/4Eib)o.zs ,. 0 3 2 0.25 ( . 85 t ) 
" 
0.06415 4x4e2l2e + wT 
8 t2 • (k /4EI )0.25 • ( ~863 t2 0.25 t2 t 4X TT+--w-r) .. 0.0705 
+ ( £L) 2 ~-!I A 
f kb2 b2 
• 1.6252 [ 2x0.0705x1~ _ + (2x0.6875)2 
4x24o o. 863 t ----r:o·lr x 
0.06415xl2]= 11.25 0.3-85tr 
k • 1 
t3 (~ + 2e/f) 621 + 622 = £1 
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kb3 • 2e/f (~ + 2e/f) ~11 + o12 = ____ EI 
k • 1 
tc3 (~ + 2e/f} ~11 +~22 + {~}~12 • ____ .EI 
at3 • (kt3/4Eit)o.25 • 
ab3 • (kb3/4Eib)0.25 .. ---------
8tc3 • (k /4EI )0.25 • 
tc3 t -------------
• 
A !1nh 2{u) + s1n 2(u} 1 = -=-s r1 n""'h,...,(~u.:r) ;..:..c_o~s':..(o~_,.( -u ..-:) =--:..:.:.....s-+1 .:.n ~( u-.)-c -o s-,(.-u-.-) • 1. 0 
u ., ( Bi l ) 
2 
G I • Et 
2 ( 1 + ") ( s /d) + D >. + c 
n 
• 
29500 x 0.0288 (k1p./1n.) • 
2(1 + 0.3) (5.f36) + 10.08x0.8 + 12.59 
35.32 lc1p./1n. 
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SHEAR STRENGTH EVALUATION 
Panel Type: 4" SQ RIB 
Sheet Length: L • 20 ft. 
No. of Pur11ns: np • ---'3;,____ 
Purlin Spacing: Ls ·~in. 
Nominal 
Sheet Width: w1 • 36 in. 
Test Type: Pneutek Diaphragm 13 
Sheet Base 
Metal Thickness: t • 
Diaphragm Width: a • 
o.ozsain. 
16 ft. 
Structural Fasteners: Pneutek 144x(5/8) 
Stitch Connectors: #12 TEKS 
No. Sheet-to-Sheet Connectors along L: ns • 4 
No. of Edge Fasteners along Edge not at Pur11ns: ne = __ 4~-
n1 • (No. of End Connectors/Sheet)(No. of Sheets)+ 1 • 29 _.;;;;..;.---
Purlin Conn. Layout End Conn. Layout 
1- __ _____.I As at left. 
Stitch Connector Strength (Figure 0-11}: Q = 525 lbS. s 
Structural Conn. Strength (Figure D-15) : Q f • 875 1 bs. 
as • Qs/Qf • 0.6 l1 • 1 • 0.835 -
1 + { LS )2 135 
F • y ksi 





2 ~ Cl•J(~1)2+[2+n L 2 ( ))) ) P + a 5 n5 + 4t(x1tw1) + 2np t xi/w 1 ~ 
• { ( ~: ) 2 + [ -2:c--:+:---z3--:-+ ~41""'"x""Ao-, T6 .....::!=""'0'-~4-x~o "'"'• 2"'5"'lll:9-+~61'":':x~o-. 2:1n50"J19r-1r  . 
• 2.076 ft. 
Critical Value, Smallest Value Above. 










G'(Theo.) • 35.32 k/in 
G'(Exp.) = 36.7 k/in 
Theoret i ca 1 ~ 
Su(Theo.) • 421 plf 
Su(Exp.) = 420 plf 
Theo. = Pu = 8420# 
I Cycle 3 To Failure @ 8400#, 1424 x to-5 in . 
zoo 
Load vs. Net Deflection {18 Ga & 'Pneutek-Air' 144 x 5/8) 
Test 3. 10/21/78 
4do 1 1------L ______ soi 
Net Deflection (6K x 10- 3 ln.) 






5.3 Load and Resistance Factor Design Method 
Since the size and quality of welded connections are 
difficult to control, a wide variation in shear strength 
occurred. A similar variation in stiffness also occurred. 
In tests, the experimental to theoretical stiffness ratio 
varied from 0.6 to 1.4, the average being 0.925, as shown 
in Figure 5-2. In screw connections, quality is easier to 
control and the shear stiffness ratio varied less than 
welded connections, from 0.9 to 1.4 with the distribution 
shown in Figure 5-3. The theoretical shear stiffness 
value for full diaphragm panels agrees quite well with 
test results for both welded and screw connections. 
The ratio of experimental to theoretical shear 
strength results varied from 0.6 to 1.5 in welded dia-
phragms and from 0.9 to 1.2 in screw connected diaphragms. 
Again, due to connection quality, the variation was less 
for screws as expected. These ratios will be used to cal-
culate shear resistance factors so that the "Load and 
Resistance Factor Design" (LRFD) method may be applied 
to diaphragm design. 
The LRFD method has been generally described in Ref-
erence 29. It is an approach that attempts to develop a 
consistent logic for reliability in the design of struc-
tural components through the use of probabilistic and 







0 L I 
... 
Cll 




Number ofiTests 1107 
I 
- • I I I I 
0.8 0.9 1.0 1.1 1.2 1.3 
{Test Results)/(Theoretical Results) 
Figure S-2. Distribution of Shear Stiffness of Test Results 
to Theoretical Results - Welded Diaphragms 




~ I I I I 
Number of Tests 29 
Mean 1.134 
~ I I I I 
Cll 10 +' 
Cll 
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0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 
(Test Resu1ts)/(Theoretica1 Results) 
Figure 5-3. Distribution of Shear Stiffness of Test Results 
to Theoretical Results - Screw Connected Diaphragms 
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for LRFD is similar to that currently used in steel design. 
A "resistance factor" is incorporated in the design equa-
tions for shear diaphragms to allow for practical varia-
tions in quality that occur in materials and workmanship. 
The "Load Factor" reflects potential overloads and uncer-
tainties inherent in the calculation of the load effects 
that may occur during the life of the structure. 
LRFD criteria for shear diaphragms is expressed by the 
equation 
j 
+S a t ~k Qk 
u k=l m 
(5-1) 
The left side of the formula relates to the resistance of 
a shear diaphragm, and consists of the product +S , where 
u 
+ is the "shear resistance factor" and s is the "nominal" 
u 
shear resistance. The "nominal" shear resistance is com-
puted according to the design formulas in Chapter 4 that 
are associated with the limit state of strength. 
The right side characterizes the external loads 
applied to the diaphragm and consists of the sum of 
products •k Qkm' where ~k is the corresponding "load 
factor" and Qkm is the "mean load effect". 
The values of + and ~k are calculated to provide a 
reasonable uniformity, reliability and margins of safety 
in the design and use of shear panel diaphragms. In 
Reference 29, load factors and safety margins are recom-
mended for use in LRFD method. 
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In the present case, the strength of shear diaphragms 
will be examined. Design formulas will be recommended and 
appropriate factors developed using the following form~la 
from Reference 29. 
+ = (5-2) 
(Su)m is the "mean" resistance of the diaphragm, 
Sr is the safety index, and Vr is the coefficient of vari-
ation for shear resistance. 
The safety index ar is defined in Reference 29 as 
ln 
(5-3) 
Qkm is the mean value of the load effects and VQ is 
the corresponding coefficient of variation. Values for Br 
have often been assumed to be between 3.0 and 4.5. How-
ever, from more detailed considerations of shear diaphragm, 
Sr is closer to 4.0, the upper end of the spectrum. 
The ratio of mean to nominal shear resistance is 
= 
T e s t Re s u 1t s ) 
• (Theoretical Results m 
where (Fy)m and CFy>n are the "mean" and "nominal" 
material yield stresses. 
(5-4) 
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The coefficient of variation Vr of shear resistance 
can be determined from the equation 
v = r;--;z;~-z~-2-
r m F P 
in which Vm' VF and Vp are the coefficients of variation 
for the material yield stress, fabrication and ratio of 
tests to predictions. 
In welded diaphragms, statistics for the yield stresses 
of materials include the ratio of (F ) to (F ) and its y m y n 
value may be taken as 0.983. The coefficient of variation 
V is 0.10. The coefficient of variation for fabrication, 
m 
VF accounts for variability of weld size, panel shape, size, 
thickness, and purlins, etc. and its value may be taken 
0.10. The mean of the ratio of test results to theoretical 
results is 1.151 and the coefficient of variation for the 
test to prediction ratio, Vp is 0.217. Therefore, the co-
efficient of variation for shear resistance, V , is 0.259. r 
The ratio of the mean to nominal shear resistance (Su)m/Su 
is 1.131 and the shear resistance factor~. from Equation 
5-2, is 0.640. 
In screw connected diaphragms, the ratio of (Fy}m to 
(FY)n may be taken as 1.05 and the coefficients of varia-
tion as Vm = 0.10, VF = 0.05, vp = 0.128 and vr = 0.17. 
The ratio of mean to nominal shear resistance. (Su)m/Su• 
is 1.09 and shear resistance factor, ~. is 0.75. 
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The shear resistance factors for welded and screw 
connected diaphragms are shown in Table 5-1 and the distri-
bution of test results to theoretical results are shown i.t 
Figures 5-4 and 5-5. (Note the exaggerated horizontal 
scale.) 
The "load effect factors" for shear diaphragms will 
be developed using the following formula developed by 
Galambos (29) 
j 
k:1 wk Qkm = wE (wo QDm + wl QLm + ww Qwm) 
in which wE' w0, wl and ww are load factors representing 
uncertainties in analysis, dead, live and wind loads, re-
spectively, and QDm' QLm and Owm are the mean dead, live 
and wind load effects. For LRFD, individual load factors 
to be applied when the loads are taken in various combina-
tions have been tentatively proposed for the following 
case: 
Daad Load + Sustained Live Load + Maximum Lifetime 
Wind Load 
The values of the load factors are wE= 1.1, w0 = 1.1, •L • 2.0, 
and 'w = 1.6. 
Then, Equation 5-6 becomes 
j 
t wk Qkm = 1.1 (1.1 QDm + 2.0 QLm + 1.6 Qwm) (5-6a) 
k=1 
For the common case of a diaphragm used as a flat roof, 
there is usually no sustained shear load. Consequently, 
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Table 5-1. Resistance Factors for Welded and 
Screw Connected Diaphragms 
Data Welded Diaphragms 
Test Results ( Theo. Results)m 1. 151 
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0.7 0.8 0.9 
• 
' 
I I No. of Telts Mean 1. 151 
-
II I I c.o.v. 0.217 
• • I • • I I 
1.0 1.1 1.2 1.3 1.4 
(Test Results)/(Theoretical Results) 
Ftgure S-4. The Distribution of Shear Strength of 

























No.,of Tests 29 
I I 
I I I I I I 
1.0 1.1 1.2 1.3 
(Test Results)/(Theoretical Results) 
Figure 5-5. The Distribution of Shear Strength of Test Results 
to Theoretical Results - Screw Connected Diaphragms 
I 00 --.) 
1.4 
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the diaphragm is usually designed for wind load only. 




and Equation 5-1 becomes 
where + = 0.64 for welded diaphragms 
+ = 0.75 for screw connected diaphragms 
from the previous table. 
(5-7) 
(5-8) 
Similarly, the LRFD method may be applied to the individual 
fastener strength, Qs' and Qf (sheet-to-sheet and sheet-to-
structure fastener strength), which are shown in Appendix D. 
LRFD criteria for individual fastener strengths is 
expressed by equation 
+f Qs (or Qf) • 1.1 (1.1 QOm + 2.0 Qlm + 1.6 Qwm) 
(5-9) 
where +f is the resistance factor of the individual con-
nector being used. 
The resistance factor for individual welds or screws, 
+f' is shown in Table 5-2, and the distributions of test 
results to predicted values of fastener strength are shown 
in Figures 5-6 and 5-7. 
The value of +f may be taken as 
+f = 0.738 for individual weld fasteners 
= 0.789 for individual screw fasteners 
( 
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Table 5-2. Resistance Factors for Welded 
and Screw Connectors 
Data Welds Screw 
( F Y) ml ( F Y ) n 1.028 1.028 
Test Result 
Theo. Result>m 0.973 1.0628 
Number Tests 53 75 
Qm/Q 1.00 1. 0926 
vm 0.05 0.05 
VF 0.10 0.05 
vP 0.0812 0.13 
v 0.138 0.148 r 





















I I • I I 
.2 
(Test Results)/(Theoret1ca1 Results) 
Figure 5-6. The Distribution of Fastener Strength of Test 
























Mean ~ 1.06 
c.o.v. 0.1 
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0.8 0.9 1.0 1.1 1.2 1.3 
(Test Results)/(Theoretical Results) 
Figure 5-7. The Distribution of Fastener Strength of Test 
Results to Theoretical Results - Screws 
I \0 I-' 
1.4 
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Since diaphragm strength is a strong function of the 
connector strength, and since the shear resistance factor, 
+, in Equation 5-8 may be calculated by multiplying t~e 
resistance factor +f by a factor, t, therefore +Su may be 
determined without the need for full-scale diaphragm tests. 
Therefore, writing 
+ = t+f (5-10) 
where the value of t may be taken as 
t • 0.87 for new types of fasteners that have 
+f values similar to welded fasteners. 
= 0.95 for new types of fasteners that have 
+t values similar to screwed fasteners. 
This approach appears to be much more realistic than 
many previously used, since it recognizes differences in 
the quality of connector types and, thus, does not force 
all diaphragms into having the same safety factors. 
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SUMMATION AND CONCLUSION 
6.1 Summation 
The present investigation represents a continuation 
of research at West Virginia University in the study of the 
shear strength and shear stiffness of diaphragm panels. In 
contrast to previous work, which was mainly experimental, 
the present research has resulted in a rational analysis 
by which diaphragm systems can be analyzed without recourse 
to expensive and time-consuming full-scale tests. 
The method of analysis developed here is based on 
structural principles that were reinforced by the observed 
behavior of diaphragms during tests. This led to an ideal-
ization of the diaphragm system into an equivalent struc-
tural model composed of discrete components that can be 
evaluated individually. In cases where a single parameter 
is changed, such as the type of connections, only the 
connection quality requires reevaluation. 
The main components of a typical diaphragm are 
identified as the end members, edge members, purlins or 
joints, sheeting, and connectors. The mechanical charac-
teristics of each of these components may be established 
analytically or determined experimentally. However, 
fastening devices, such as arc spot welds, screws or 
power driven pins present a complex situation in which 
a theoretical analysis alone may not be adequate. 
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A simple experimental approach to determine connector 
flexibility and strength characteristics may be required 
for such cases. 
The individual steel panel is treated as an "equiva-
lent beam" supported on an "elastic foundation" in order 
to develop a panel distortion term relating to shear 
stiffness. The theoretical analysis includes other terms 
such as the purlin effective factor and fastener slips 
that are treated individually. 
The research program was divided into two general 
areas. The first was concerned with developing a logical 
model to define shear stiffness as a function of several 
contributing factors. The second part related to strength 
formulation. Both parts relied heavily on experimental 
data collected specifically for this work as well as 
existing data collected over the past decade at West 
Virginia University. 
The intent of the present experimental work was to 
produce basic information on flexibility and strength of 
connectors, such as arc spot welds, screws, and power 
driven pins, to be used in diaphragm assembly. In parti-
cular, several programs were developed: 
A. Welded Connections: About sixty simple shear 
strength and flexibility tests for fasteners in 
lapped systems were made. The results are given 
in Appendix o, Tables 0-2 and 0-3, and shown fn 
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Figures 0-5, 0-6 and D-7. The strength of sheet-
to-sheet and sheet-to-structure welded connections 
are expressed as 
Qs • {2.5t + 0.52) ~ D t Fy 
Qf = (5.46t + 0.52) w D t Fy 
B. Screws: More than eighty simple lapped tests were 
made using TEKS #12 and #14 screws to determine 
values for their strengths and flexibilities. 
These results are shown in Figures 0-10 and 0-11, 
and, as expected, the results show less scatter 
than for welds since quality is easier to assure. 
C. Ramset NP-55-B-58 Fasteners: Thirty-nine of the 
direct shear tests were made. The strength and 
flexibility of Ramset power driven pins are 
shown in Figures 0-13 and D-14. 
D. Power Driven Pins (Pneutek): Twenty-seven lapped 
tests using Pneutek-144- (1/12), 144- (5/8) and 
144 - (3/4) air driven pins were made. The 
strength and flexibility of these connectors are 
shown in Figures D-15 and D-16. 
The stiffness and strength data from these simple 
tests provide the key to diaphragm analysis and designing. 
Knowing these parameters allows a complete analytical 
determination of strength and stiffness without physical 
testing. 
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The shear stiffness formulation is general and depends 
on four major parameters though others can be included for 
more refinement. It depends on pure shear flow, pane1 
distortion, fastener slip in sidelaps, and fastener slip 
in edge members. 
In a similar manner, the shear strength evaluation 
includes fastener failure in edge members, fastener failure 
in s1delaps, and end fastener failure. 
The results of several hundred full-scale diaphragm 
tests using welded, screwed, power driven pins and mixed 
fastener diaphragms are presented in this paper. The 
direct comparison of experimental and theoretical results 
for these tests are shown in Appendix G with very good 
results. 
6.2 Conclusion 
The theoretical analysis of shear diaphragms expressed 
herein has been described and carefully justified. The 
design formulas developed can be used for a wide variety 
of sheet profiles {~wide, intermediate, narrow, 
square and square inversed ribs, etc.), panel depths, 
panel widths, panel thicknesses, panel lengths, purlins 
and fastener arrangements. The latter can include all 
combinations of fasteners such as welds, screws, Ramset 
fasteners, Pneuteks fasteners, etc. The comparison of 
results with predicted values for full-scale diaphragm 
tests agree quite well. 
97 
More than three hundred simple lapped fastener tests 
are evaluated and the flexibility and strength of these 
shown in Appendix D. In the practice, these values can be 
applied directly to diaphragm design. Several practical 
diaphragm design examples are presented in Appendix H that 
shows diaphragm significance in the design of building 
systems. 
The "load and Resistance Factor Design (LRFD)u method 
for shear diaphragms and fastener connections are also 
described in this paper. It is based on a first order 
probabilistic approach that is calibrated to shear dia-
phragm and individual fastener connection tests. The 
LRFD criteria for diaphragms and individual fasteners are 
expressed by 
~s = 1.1 (1.6 o ) 
u wm 
(5-8) 
+f Qs (or Qf) • 1.1 (1.1 Oom + 2.0 Qlm + 1.6 Owm) 
(5-9) 
in which ~ and ~f are the shear resistance factor of dia-
phragms and the resistance factor of individual connectors, 




Values for +, 
.f and ~ have been determined to be 
• • 0.64 ) .f D 0.738 welded connections 
~ • 0.87 
•• 0.75 
} .f = 0.789 screwed connections 
~ = 0.95 
As new types of fasteners are developed, the resis-
tance factor + for the diaphragm may be replaced by t•f• 
where +f is determined by simple lapped tests and its 
value compared with known values for welded or screwed 
fasteners and the proper values of ~ chosen so that the 
need for full-scale diaphragm testing is eliminated or 
at least greatly reduced. Thus, these design formulas 
for shear stiffness and shear strength, using the LRFD 
method, may be applied by practicing engineers directly 
without verifying each design by extensive full-scale 
tests and elaborate computer analysis. 
The formulas developed here are applicable to deck 
installations only and not to plane flat sheet diaphragms. 
They are not wholly general in that overall buckling is 
not considered. This could occur wfth thin diaphragms 
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EQUIVALENT SPRING CONSTANTS 
The tendency for panels to warp or twist at their ends 
while under shear loading is a result of imperfect shear 
transfer in the end zones and equilibrium must be maintained 
by bending across the panel thickness. Such problems can 
be dealt with as beams on elastic foundations where the 
"missing" end shear force is accounted for through super-
position. Any net shear force F, perpendicular to a panel 
flute, causes bending and lateral displacement. The dis-
placement problem is complex and involves both torsion and 
bending. Here, however, the bending part is dominant and 
the torsion effect is not considered. 
The Appendix shows the relationship between trans-
verse shear and the associated displacements by considering 
a strip of unit length along the flute axis acting as a 
"rigid" frame. The relationship is established in terms 
of a spring constant. 
1. Basic Model 
When panel-to-structure connections are made in every 
bottom flat at a panel end, it defines a single flute con-
dition. Consider the element in Figure A-1, where both 
bottom flats are connected to a structural unit such that 
the distance between connections does not change. Some 
force F results in a displacement A2 in the direction of F. 
The "rigid frame" unit thus has a resistance to F equiva-




Figure A-1. Rigid Frame Displacement 
vs. Spring Constant 
d 2 
c 
Ql + Ql 
- f a 
~ Q2h Qlh -d-
-d-
Figure A-2a. Basic Element Model 
~t f 
d 
Figure A-2b. Corrugation Configurat;on 
... 
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displacements for this and more complex cases will be 
established through the principal of virtual work using 
the line model indicated in Figure A-2, as the basic 
element. 
Note that the moment in any particular segment i of 
the cross section due to a particular force Qk may be 
written as 
(A-1) 
an~ therefore, the total moment in the segment 1 is 
where m is the total number of forces present. 
The deflection of a point j in the direction of the 
force located at j is 
where n is the total number of segments in the cross 
section. Now 





and ~.ll. k·jl 
aQj lo k;:jJ 
since the Q forces are independent variables. 
• a M1 
• • _,. fij 3 Qj 
~JL1 m E lA j = f1j ( r fik Qk ) dx 1 1• 0 k•l 
n m r1 (A-3) = r 1: Qk fij fik dx 1 i=l 1<=1 0 
The order of the above summations can be reversed giving 
m 
n f1 EIAj = I Q I fij fik dx 1 k=l k i=l 0 
It can be now noted that the integral terms are con-
stants and that the only distinguishing subscripts that 
will remain after the summation is evaluated will be j 
and k. Therefore, noting that the order of the product 
in the integrals is immaterial, the integrals may be 
identified as 
El"j•· = El" u II. "kj 
.. r , f f n fl.
ij 11< dxi i•l 0 
(A- 4) 
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and write the above equation as 
n 
f.J· = E l5. k Qk k=l J (A-5) 
where the EI term is contained in the l5jk• which is identi-
cal to the matrix equation 
{ ~ } = [o]{ o} (A-6) 
which, when expanded for the particular case is 
~1 611 012 Ql 
::: (A-7) 
~2 0 21 022 Q2 
All that is necessary now to compute the constants 
The functions fil and fi 2 for the basic model shown 
in Figure A-2 are 
1 member fil f12 
1 ab 0 hx d 
2 be hx ~ (e + .9.!) w w 
3 cd h ~ (e + g + x) 
4 ed hx -h ( + .9.!) + hx 
- d e w w w 
h 5 fe 0 
- d X 
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From the Equation A-4, the deflection at point 1 due to a 




EI6 = 11 
. J: (~) (~)dx w w 
f: (~) (M) w w 
= ~ 2 {3f + 2w) 
I = {1} t3 
12 
{3f + 2w) 
}: (h) (h) dx 
dx 
{A-8) 
The deflection at point 2 due to a unit load at point 2 is 
E 16 22 = 5r .r 1 (f.2} (f.2) 
1=1 0 1 1 
dx 
=J: (~xJ 2 dx 1: r~ (e + ~)] 2 dx 
+ J: [ ~ (e + g + xT dx 
•J: [ ~ (e + ~) + h~2 dx 1>- ~x) 2 dx 
= 
llO 
[ s (4e1 - 1ef + f 1) + d1 (Jf + 1w) J 
(A-9) 
where d z 2e + 2g + f and s c 2e + 2w + f. 
The deflection at point 2 due to a unit load at point 1 is 
5 fl. Eio 21 = E 1 {fi 2) {f; 1) dx 
i = 1 0 
. J: ( !!.x ) [ h (e + ;x) J dx w d 
·t h [ ~ (e + g + x) ] dx 0 
.J: ( h~) [ -h ( e + 9.!.) + hx J dx d w w 
,. h2 {4w + 6f) IT 
0 21 = 0 12 = 
2h 2 (2w + 3f) (A-10) 
• • Et 3 
2. Single Flute Case 
The single flute element in Figure A-3 is now solved 














{b) Basic Element Model 
{c) Equivalent Spring Constant 
















ktl • single flute spring constant (kip/in. per 
inch of length) 
E =Young's modulus (ksi) 
e,f,d =length (in.) as in Figure A-2 
s • developed width per corrugation (in.) 
2. Double Flute Case 
The double flute case occurs 1n panels with end con-
nections 1n alternate bottom flats at the structural 
supports as shown in Figure A-4. It is important to note 
that the shear forces in various elements will exist in 
certain ratios and that those ratios are built into these 
solutions. Thus, when upper element forces are designated 
as F, the lower element forces are aF, where a • 2e/f. 
Flute geometry is as shown in Figure A-2b. 
F + aF z 
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F F 
--aF H At 
(a) Double F1 utes 
F H Az F 
~ 1 ~. 1 
(b) Two Basic Element Models 
(c) Equivalent Spring Constants 
Figure A-4. Double Flutes vs. Equivalent 
Spr1 ng Constant 
F + aF 2 
-
A4 
F mF +r 
-
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By applying Equation A-7 to two basic elements and 
combining these into a single system by achieving com-








From Equation A-13, which is 
and Equation A-14 becomes 






Comparing these Equations A-13a and A-14a, it will find 
~1 = ~~ and ~ 2 • ~ 4 • because the corrugation is antisym-
metrical about its center line. After the displacements 
~1' ~ 2 and ~ 4 are determined, then the equivalent spring 
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constants k1 , k2 and k4 respective to the external forces 
aF, F and Fat points 1, 2 and 4 are 
{11 0 0 aF 
= 0 0 F 
0 0 F 
where (~ 1 >eq is the equivalent spring flexibility at 




Therefore, the equivalent spring constants at top and 
bottom are 
k = 1 
kt2 = k2 = ---'1=--- .. _F_ 
(o2}eq !12 
(A-16) 




4. Triple Flute Case 
The case for attachments in every third valley like-
wise can be obtained by achieving compatibility between 












"2 + aF 
F 






From Equations A-17, A-18 and A-19 are found 
6 1 = 6 3 • F [ <t + a)& 11 + 6 12] 
+ 6 J 22 
F 6 • A 
2 11 1 
( A-17) 
(A-18) 




















H 1' 3' 3 ~ Al H H 3 
At H A3 
t.l 
(b) Three Basic Element Models 
(c) Equivalent Spring Constants 







A • A + Fo F ~ 4 1 22 - 2 u21 
= F [ ( 1 + a} o + o + '26 ] 2 11 22 12 (A-22) 
I I The displacement A3 at point 3 in center element is 
equal to the displacement A3 at right side element. This 
is suitable to the compatibility at the point 3. There-
fore, the respective spring constants for top and bottom 
in triple flutes are 
A 1 ( 6 1) eq 0 0 0 0 
aF 
A2 0 (o2)eq 0 0 0 F 
A3 0 0 ( 6 3) 0 0 aF eq 
= 
1!.4 0 0 0 ( 6 4) eq 0 F 
A6 0 0 0 0 (o6)eq F 
(A-23) 
Thus, the equivalent spring constants at top and bottom are 
k = 1 .. aF 1 (o1)eq li1 
k2 = 1 • _F_ (.s2)eq li2 
k3 = 1 aF (o3)eq .. --A3 (A-24) 
k4 
1 F 
= (.s4)eq ·-li4 
k6 = 1 F .. --(.s6>eq A6 
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Substituting Equations A-20, A-21 and A-22 into Equation 
A-24 gives 
kb3 = k1 = k = (2e/f} (A-25) 3 (~ + 2e/f) 6 11 + 6 12 
kt3 = k = k = 1 (A-26) 2 6 (~ + 2e/ f) 6 21 + 6 22 
1 (A- 2 7) 
These constants are used in developments contained in the 
following Appendices to describe warping relaxation effects 
on overall stiffness. 
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APPENDIX B 
Equivalent Beam on Elastic Foundation 
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EQUIVALENT BEAM ON ELASTIC FOUNDATION 
If an open corrugated shape were subjected to shear 
forces parallel to the section generators, ~. along the 
corrugations, warping or twisting would develop at the 
open ends. If the ends were enclosed with rigid membranes, 
rigid in-plane only, the section generators would remain 
straight and warping would not occur. Displacements due 
to warping may then be evaluated by removing the end mem-
branes and allowing the system to relax. 
1. Single Flute 
A single flute of a diaphragm is enclosed by membrane 
at its ends as shown in Figure B-1. Under a shear load P, 
parallel to the corrugation length, a shear distortion 6s 
results. The shear per unit length is P/L, L being the 
panel length. Neglecting certain secondary effects, 
(~, shear along the web of cross section causing tor-
sional effects), removal of the membrane would be analo-
gous to imposing a load P1 along the end surface de, 
effectively cancelling the membrane resistance. Line de 
would then deflect perpendicular to the flute or corruga-
tion to 6t 1 as shown in Figure B-2. The top flat element 
behaves somewhat as a beam on an elastic foundation, the 
"foundation" being supplied by bending and warping resis-
tance of the cross section. 
Since the top element is in shear under the influence 











(a) Equivalent Beam 
j 
atl (b) Displacement 
Figure B-2. Equivalent Beam on Elastic Foundation 
12 3 
directions, no lateral displacements occur at mid-length. 
Thus, the equivalent beam in Figure B-2, of length L/2 will 
be used in the derivations. 
Description of the displacement with x is given by 
E I y IV + ky = 0 ( B -1) 
where E, I, and k respectively are the modulus of elasti-
city, "beam" moment of inertia, and the foundation spring 
constant. The general solution for y is 
y = A cosh(ax) cos(sx) + B sinh(ax) cos(ax) 
+ C cosh(ex) sin(ax) + D sinh(ax) sin{ax) 
where e4 = 4EI (B-2) 
The boundary conditions are 
{1} X= L/2; y = 0; y 11 a 0 
{2) X= 0; Y11 = 0; y II I ;z pI 
---rr 
y I :: BA[sinh(Bx) cos(ax} - cosh{ax) sin{ax) J 
+ as[cosh{ax) cos{ax) - sinh(ax) sin( ax>] 
+ ac[ sinh(sx) sin( ax) + cosh(ax) cos(ax)] 
+ an[ cosh(ex) sin(ax) + sinh(ax) cos(ax}] 
(B-3) 
Y1 1 = 2a 2 [- A sinh (ax) sin(ax} - B cosh( ax) sin(sx) 
+ C sinh(Bx) cos(Bx) + D cosh(ax) cos(ax)J 
(B-4) 
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Y11 1 = 2s 3{ -A[ cosh(sx) sin(sx) + sinh(sx) cos(sx)] 
- s[sinh(sx) sfn(sx) + cosh(sx) cos(sx)] 
+ c[ cosh(sx) cos(sx) - sinh(sx) sin(sx)] 
+ o[sin~(sx) cos(sx) - cosh(sx} sfn(sx>J} 
(B-5} 
Substituting x = 0, Y1 1 = 0 into Equation B-4, then 
D = 0 
As Y 1 11 (0) • --fi-- and D = o, Equation B-5 fs 
C B = ~p-1--
2B3EI 
(B-6) 
Applying another two boundary conditions x = L/2; y(L/2) = 
0 and x • L/2; y 1 1 (L/2} • 0 into Equations B-2 and B-4 
leading to 
0 = A cosh(~) cos(_!h_) + B sinh(~) cos(!h_) 2 2 2 2 
0 = 
+ C cosh(~) sin(~) 
-A sinh(~) sin(at-) -
+ C sinh(8~ ) cos(B~ ) 
( B-7) 
B cosh(M_) sin(.!L) 
2 2 
(B-8) 
From above two equations to eliminate the coefficient A. 
Equation B-7 times [sinh(~) sfn( 6 ~ ) J + Equation B-8 
times [cosh(~) cos(~)j 
Thus, 
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B [cos(~) sin(~) ( sinh2(~) - cosh 2 (~))] 
+ c[( cosh(~) sinh(~) sin 2(!L.) 2 2 2 
+ sinh(~} cosh(~) cos 2 (~>)] = 0 2 2 2 
sinh(~) cosh(~) 2 2 ;, B = -C---------=-----~--------::;-cos(~) sin(4-} [ sinh2(~} - cosh(~)] 
(B-9) 
From Equation B-9 and B-6 
Since 




sinh(~) cosh(4-} t ~ 
s i n ( ~) [ s i n h 2 ( 4-) - cosh 2 ( 4- ~J 2 6 3 El 
sinh 2 ( 6 ~ } - cosh 2 (~) = -1 
sin(~) cos(~) 
sinh(~) cosh(~) - cos(~) sin(~) 
8 = +C . sinh(~) cosh(~} 
cos(~t-) sin(~} 
••• 8 = -P' sinh(~) cosh(~) 
2s 3EI sinh(~) cosh(~) - cos(~) sin(~} 
Substituting the values of B and c in Equation B-7 will get 
sinh(!h_) cosh(~) - sin(!h-) cos(!h-) 2 2 2 2 
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Therefore, when X = 0, the deflection y0 = 0 is ti 
where A. = 
1 












P' = (f/L} P, since the torsional effect is ignored and 
only bending effect is considered. The beam moment of 
inertia It, recognizes some web stiffness in bending in 
that the beam is considered to include the top flange and 
one-sixth of the web depth w, as if it were a channel 
shape. Then for the top element of width f, 
I = t 
= (f + w) 
It is worth noting that, as a1L/2 approaches the values 
common to most roof decks, A1 becomes unity. 
2. Double Flutes 
The basic approach for panels connected in alternate 
valleys is similar to the single flute case except three 
separate lateral movements are present. Consider in 
Figure B-3. 




Figure B-3. Double Flutes Equivalent 
Spring Foundation 
H pI H 










where Q' = (...1.L) P' f 
constants sb 2 and ~ 2 follow the same definitions as used 
in Equation B-2 with appropriate values kt and kb. At the 




( f + w) 
(2e + w) 
Constants At 2 and Abz are in the same form as Equation 
B-11 with st 2 and 'b 2 appropriate values of It, Ib, kt 
and kb. 
3. Triple Flutes 
The lateral displacements for panels connected in 
every third valley are similar to those above. Using the 
simple end view in Figure B-4, the lateral displacements 
are at the top elements, indicated by subscript number t 
__ 26t3P' 
6t3 = yc(O) = yk(O) kt3 At3 (B-14) 
At the center top element 
(8-15) 
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And at the bottom 
6 IS y (0) ,. y (0) = b 3 e i (B-16) 
The spring constants from Appendix A and the lateral dis-
placement terms in this Appendix are combined into a 
measure of warping displacement of relaxation in the 
following Appendix. 
4. Warping Coefficient A1 
For any of the coefficients A; in Equation B-11, 
B-12, B-13, etc., the angle function is Bil/2. For the 
vast majority of cases, A1 is unity. For example, a 16 
foot long intermediate rib deck with fasteners in alter-
nate valleys and a 22 gage thickness has 
top: It = f
2t 
12 (f + w} = 0. 3030 in.
4 
bottom: Ib ,. e2t (2e + w) = 0.0107 in. 4 3 
From Appendix F • k = 0.2130 EI ( 1 bs ./in ./in. ) t2 
kb2 = 0.03511 EI 
where EI = E(1")t3/12. From Equation B-2 
6t2 :: (k /4EI )0 · 25 t2 t 
= 
( 0.2130 t 3 ,0.25 
= 0.0250/in. 48 X 0.3030 
8b2 = (kb 2/4Eib) 0 · 25 = 0.0368/in. 
Then B t 2L/2 :: (0.0250) (192/2) :: 2.40 
and Bb2l/2 = (0.0368) (192/2) :: 3.53 
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rom the following table then for Equations B-12 and B-13 
At 2 • 0.984 
\2 • 0.999 
Letting u • a1L/2, the equation for Ai can be re-
rranged as follows 
sinh(u) cosh(u) - sin(u) cos(u) 
s1L/2 Ai Sjl/2 Ai 
0.2 7.50 2.6 0.985 
0.4 3.752 2.9 0.992 
0.6 2.508 3.3 0.998 
0.8 1. 894 3.6 1.0 
1.0 1. 537 4.0 1.0 
1.3 1. 234 4.3 1.0 
1.5 1.119 4.6 1.0 
1.7 1.049 5.0 1.0 
2.0 0.997 
2.3 0.983 
For thicker panels, k increases with t and thus ai 
ncreases. For most roof decks with panel lengths longer 
han about twelve to fifteen feet, it is reasonable to 
ssume Ai • unity. 
Referring to Figure B-1, the corrugation has an average 
hear force of P/L along its length. Since no warping oc-
urs, the shear intensity exists at right angles to the 
orrugation. Thus, removing the end membrane fs sf•ilar to 
mposing a force P' • fP/L along the line de where f fs the 
istance between c and d. 
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APPENDIX C 
Shear Displacements Due to Sheet Warping 
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SHEAR DISPLACEMENTS DUE TO SHEET WARPING 
In a pure shear problem where no end warping is 
present, the shear displacement along the flute is 6s, 
as shown in Figure C-1. When end restraints are removed 
such that warping does develop, relaxation follows and an 
additional displacement 6dl takes place. 
The shear force P causing 6s' remains constant while 
other relaxations are allowed. The removal of the rigid 
end membrane is equivalent to superimposing a force P' 
effectively cancelling the membrane effect. A deflection 
6tl along line de follows with a related increase in de-
flection 6dl parallel to 6s. 
The work done by gradually imposing P' is 
( C-1) 
Since the force p exists at a constant value during the 
application of p•, the associated work is 
(C-2) 
When the release is made at both ends of the flute, W1 
must be counted at both ends. The work done is internal 
to the system and 
(C-3} 
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/ p p p 
(a) With End Closure (b) End Closure Removed 





Figure C-2. Double Flutes Warping 
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For the double flute case in Figure C-2, exactly the same 
procedure is followed. 
Pod2 = 2[1. (2P'c5 ) 2 t2 + lap' & ] 2 b2 ( c- s) 
Since a = 2e/f and P' = fP/L 
6d2 = 
2f 
L" (&t2 + r0b2) (C-6} 
For the case with connectors in every third valley as 
indicated in Figure C-3 
( C-7} 
These developments for &dn are used in evaluating the 
overall relaxation present in a system and allow a simple 
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PERFORMANCE OF FASTENERS 
The ultimate strength of a diaphragm is greatly 
dependent on the type, spacing, strength, and stiffness 
of individual fasteners. Therefore, the investigation of 
individual fasteners strength does become very important 
in predicting strength of diaphragms. There are a number 
of types of fasteners which are frequently used in light 
gage steel diaphragms such as welds, screws, power driven 
nails, and others. 
1. Welded Connections 
Most diaphragms are assembled using welded connec-
tions for rapid fabrication, but their installation should 
be subjected to close scrutiny. Weld quality is difficult 
to control and burn-through In the panels is very common. 
Indeed, a fairly good weld often is not fused to the panel 
over more than 75% of the weld perimeter. The welded 
connection specimen tested here were carefully controlled. 
If the welds are of good quality, local buckling should 
occur around the weld in the panel before extensive tear-
ing takes place near the welds, as shown in Figure D-1. 
If the amperage is too high in the puddle welds on 
light gage metal, it will cause some burn-through around 
the perimeter of the welds. Burn-through is more often 
caused by inadequate contact between the two pieces of 
material joined. In such cases, the weld may have good 
penetration into the bottom sheet but is held by only 
p ·~--1 u 
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(a) Sheet Tears Before Weld Failure 
Tear Buck 11 ng 
{b) Sheet Buckling and Weld Tears Out 
Figure 0·1. Welds Failure 
--• .. p 
u 
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some segments of the perimeter as shown in Figure D-2. 
The portions from a to b and c to d are completely burned-
through in this example. If the generator amperage is too 
low, the welding is inadequate to cause proper fusion into 
the bottom sheet. There may be no burn-through present, 
but the weld could not contribute any strength to the dia-
phragm, either. In order to calculate roughly the apparent 
area of a weld, an investigation of the amount of the weld 
penetration is necessary. It can be cut off with a pneu-
matic chisel, and the area of the penetration measured. 
The area of the penetration should be no less than 50 per-
cent of the apparent area. The suggestion of amperages 
for welding light gage steel are listed in Table 0-1. 
Table D-1. Suggested Welding Amperage for light gage steel 
deck 
Nominal Sheet-to-Structure Sheet-to-Sheet 
Gage Amperage Amperage 
16 215 175 
18 175 150 
20 125 100 
22 120 80 
24 115 80 
The welds are based on E x x 60 - 1/8" diameter electrodes. 
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d 
(a) Poor Quality Weld - About 75% Burn-Through 
(b) Good Weld - About 20~ Burn-Through 
Ffgure D-2. Examples of Both Good and Bad Welds (FroM Reference 24) 
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About sixty simple tension t est s we re made with 
lapped specimens as shown in Fi gure 0- 3 with puddle welds. 
A typical fastener load-slip relationship is shown in 
Figure 0-4. These test results are shown in Tables 0-2 
and 0-3 and Figures 0-5 and 0- 6, which indicate that the 
ultimate in-plane shear strengths per connection (i.e., 
sheet-to-sheet connection and sheet-to-structure connec-
tion) were 
where 
Qf = (5.46t + 0.52) wOtFY 
Qs = (2.5t + 0.52) wOtFY 
Qf = Ultimate strength of one sheet-to-structure 
connection (kips.) 
Qs = Ultimate strength of one sheet-to-sheet 
connection (kips.) 
0 =Apparent puddle weld diameter (in.) 
Fy =Parent material yield strength (ksi.) 
It is especially important to note that the apparent weld 
diameter D may be misleading. Weld quality must be as-
sured by proper penetration through the panel creating an 
"interior" diameter on the shear plane which is of suffi-
cient size. 
Weld elastic flexibility factors, ss and Sf' are 
defined as the ratio of the slip at 0.4 ultimate strength 
to the 0 . 4 ultimate strength and the unit is in./kip. 
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Figure D-3a. Weld Fastener, Sheet-to-Sheet Connection 
... 
--J 





t:. Slip (1n.) 
Figure D-4. Typical Fastener 
Load-S11p Relationship 
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Table D-2. Panel-to-Structure Weld 
t (1) Size (2) F ( 3) y Qf ( 4) 
( 1 n. ) (in. ) ( ks i) (kips) 
0.0635 0. 85 46.12 6.93 
• 80 6.55 
. 85 6.88 
.65 3.84 
0.052 0.80 50.54 5.29 
. 80 5.12 
• 80 5.29 
.65 4.44 
.65 4.44 
0.0482 0. 85 46.00 4.71 
• 80 4.28 
• 85 3.98 
0.0343 0.77 46.00 2.56 
• 75 2.47 
.75 1.86 
.70 2. 30 
.60 2.10 
0.0280 0.75 46.40 1. 72 
. 80 2.23 
• 81 2.22 
.80 2.25 
• 80 2.10 
0.0248 0. 75 46.72 1. 83 
• 80 1.87 
• 75 1.82 
p> ~~~ 
Base metal thickness 
Apparent external average diameter 
Material yield stress 
(4) 
a~ 
Strength of weld in shear 
See Figure 0-5 Poor fusion on part of perimeter 








































0. 77 ~~~ 0.67 
0.67 
0.66 
0.50 ( 6) 
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Table 0-3. Sheet-to-Sheet Weld Strength 
t Size ( 2) Fy (3) Qs ( 4) ... otF Q (5} y s 
( 1 n. } ( 1 n. } ( k s 1 ) (kips} (kips) wDtFy 
---
0.0635 0.77 46.12 4.83 7.08 0.68 
.80 4.85 7.36 0.66 
. 80 4.84 7.36 0.66 
.65 4.00 5.98 0.67 
0.0520 0.80 50.54 4.49 6.61 0.68 
.85 4.68 7.02 0.67 
. 7 5 3.95 6.19 0.64 ( 6) 
.70 3.60 5.78 0.62 
. 80 4.40 6.61 0.67 
0.0482 0.80 46.00 3.41 5.57 0.61 
. 80 3.41 5.57 0.55 
( 6) 
.80 3.55 5.57 
0.64 
0.0343 0.60 46.00 1. 90 2.97 
0.64 ( 6) 
.75 2.41 3.72 
0.65 
. 7 5 2.46 3.72 
0.66 
.60 1. 76 2.97 
0.59 
.50 1. 47 2.48 
0.59 
0.028 0.75 46.4 1.89 3.06 
0.62 
. 70 1.63 2.86 
0.57 ( 6) 
.75 1.86 3.06 
0.61 
.60 1.40 2.45 
0.57 
.60 1. 45 2.45 
0.59 
.65 1. 70 2.65 
0.64 
0.0248 0.45 46.72 0.73 
1.64 0.45 (6} 
.60 1. 33 




1. 71 0.49 
. 50 0.91 
1. 82 0.50 
(1), (2), (3}, (4) and (6}: See Footnotes in Table D-2. 
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0.01 0.02 0.03 0.04 0.05 
Base Metal Thickness (in.) 
fi9Ure D-6. Weld Efficiency Factors for 
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----
-






The sheet-to-sheet fastener flexibility factor is ss and 
sf is the sheet-to-structure fastener flexibility factor. 
These weld flexibility factors Ss and Sf are shown in 
Figure D-7. 
2. Screws 
Screws can provide a rapid and effective means to 
fasten sheet metal siding and roofing to structural mem-
bers and to make interior connections in siding and roofing~ 
The behavior of screw connections are indicated in Figure 
D-8. 
2 • a S h e a r i n_g_ o f S t e e 1 S h e e t s 
The type of failure by shearing of the sheet along 
two parallel lines occurs when the end distance is rela-
tively small. 
2.b Bearin~of St~~_5heet 
When the end distance is relatively large, the con-
nections fail by bearing or piling up of steel sheet in 
front of the screw. 
2 · c Tear 1 n g of the Sheet i n N e t_~_c t ion 
In screwed connections, the type of failure by 
tearing of the sheet in the net section is related to 
the stress connection caused by the presence of holes and 
the concentrated localized force transmitted by the screw 
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2.d Screw Shear Strength 
When the steel sheet thickness t is large relative to 
the bearing strength of the sheet, then shearing of the 
screw occurs. 
More than eighty simple lapped tests were made using 
#12 TEKS and #14 screws as shown in Figure 0-9. Some 
tests were with two screws in line, some with one. Fas-
tener strengths are shown in Figure 0-10 with Qf for the 
strength of sheet-to-structure screws and Qs being for 
sidelap or sheet-to-sheet connections. Caution should be 
used in attempts to extend the data to panels thicker than 
about 16 gage, since shear strength of the fastener it-
self may control instead of bearing stresses in the material 
adjacent to the screw. 
Elastic flexibility factors Ss and Sf for #12 TEKS 
screws are shown in Figure 0-11, and for #14 screws in 
Figure D-12. 
3. Ramset NP - 55 - 858 Fasteners 
Thirty-nine of the tests were direct shear tests on 
gage material lapped onto steel plate to establish fastener 
shear strength and stiffness. 
These connectors showed ultimate strength value Qf 
as in Figure D-13 and flexibility factors Sf at the rela-
tively constant level in Figure D-14. 
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[..___-----'5 l._____a::J _.! 
(a) Shearing of Steel Sheet 
(b) Bearing of Steel Sheet 
,_______,1 l i I l 
(c) Tearing of the Sheet in Net Section 
(d) Shearing of the Screw 
Figure D-8. Type of Failure of a Screw Connection 
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4. Power Driven Pins (Pneutek) 
Twenty-seven tests using Pneutek 144-(1/2), 144-(5/8) 
and 144-(3/4) air driven pins were made. These were all 
sheet-to-structure with the back plate (structure) being 
l/4 inch A-36 steel and the gage material in 22, 20 and 18 
gage. 
These connectors showed ultimate strength values Qf 
as in Figure D-15 and slip factors Sf at the relatively 
constant level in Figure D-16. 
5. Force Distribution Along Sidelaps 
With an assumption that all connectors have the 
ability to behave plastically, the ultimate strength of 
a group or line would be simple to evaluate. However, 
panel edges may tend to separate normal to the diaphragm 
Plane with strains taken up by "strut-like" bending in 
the edge corrugations. In Figure 0-17, such behavior is 
indicated and it is most usually observed in the end span. 
Force transfers r 1 and r 4 at the ends are not as effici-
ent as nearer the middle. The reduction in force factor 
~l is dependent on panel geometry particuarly the corru-
gation depth, panel moment of inertia, and stiffener 
condition at the leading edge. 
For typical roof deck panels ~l has been found to be 
1 
1 + (~)2 
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L =distance from end to first purlin (in.} 
s 





























Sheet-to-Structure Connectors ) (No. 12 TEKS or NP-55-858 Ramset 
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Figure D-9b. No. 12 TEKS Sheet-to-Sheet 
























Sheet-to-Sheet (~1 Sheet-to-Sheet 'Q51 
• Two Screw Test - TEK 12 &:. TEK 2 (114) 
a One Screw Test - TEK 12 • AHT6C ( 114) . I 
® BHT8C ( 114) I ..... 
Sheet-to·Structure {Qfl 
.I ~,/ I '~Two Screw Test - TEK 12 . 
II One Screw Test - TEK 12 
V BHT8C - 114 I ~ [_. ,.,.. -z_ Q~ (BHT8C) I 
lO 40 so 
B1se Met1l Thickness (103 x t) 
Figure D-10. Screw She1r Y1lues 
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Figure D-13. Shear Strengths for Ramset NP-55-858 Driven 
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Figure D-14. Ra•set NP-55-858 Factors 
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Top Panel 2 A ____ _ B 
Top 
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F =>i ~ottom :::::st 
= 1 ±k2 • At:::L-~p 
Qf >.lQf 
Figure D-17. Sidelap Force Distribution 
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APPENDIX E 
Purlin Effective Factor 
163 
PURLIN EFFECTIVE FACTOR A 
Purlins or joists are incorporated in a deck system 
to support normal loads. However, they do serve to retarj 
warping in the panel cross section and thus affect stiff-
ness. The purlin effect is based on Bryan's (5) method 
and the equations are developed for the purlin effective 
factor ;1., 
Referring to Figure E-1, the total length of the 
panel is L, with intermediate purlins np spaced at 
L/(np +1). 
Assume the shear panel is divided into several small 
panels and the panel deflection t.d is caused by forces Pl, 
P2 , P3 , P4 .......... , Pn applied at each panel. 
Since, 
( E-1) 
it may be shown the bending strain energies of the ele-
mentary panels are 
ul = +- Plt.dn 
pl 2 P1 8tn f2 
= 







:: c 1 7 
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~dn is the panel deflection related to panel dis-
tortion (see Appendix C). 
Hence, 
c - p2 
[ L - 2L I ( "P + 1 )] 2 2 
and u4 = c p2 
[ L - 6L 1 )] 2 4 I (n + p 
d ul d u2 d u3 d u4 
. . ~dn = • "' p4 "' = d pl d p2 d p3 d Since, 
2 c p2 2 c p3 
2 c p = = --1 [ 1 - ( 2 1r 
r 4 1 J2 
np + ll - np + 
= 
2 c p4 
= •••• etc. 
[ 1 - ( 6 ~r np + 
Thus, 
2 
p2 = [ 1 - ( 2 1 ) J pl 
"p + 
p3 = [ 1 - ( 4 ) ) 2 pl •.•..•••••••• (E-2) 
np + 1 
P4 •[1-( 6 1 ) ] 2 pl np + 
165 
From Equations E-1 and E-2, the shear stiffness 1 s 




a ( p1 + p2 + p3 + p4 + + Pn) Lt~dn Llldn ..... 
= 
aP 1 [ 1 + ( 1 - 2 )2+ (1 - 4 Lt~dn np + 1 np + 1 
4 2 J + (1 - ) + .••.. np + 1 
• 




Where :>.. .. 1 
[1+(1- 2 )2 + (1 - 4 ) 2 + (1 6 
n + 1 np + 1 np + p 
:>.. is called the purlin effective factor and, if the 
value of any term is negative, it should be neglected. 





















2L L - (np + 1) 
G) 
t 
L - 4L (np + 1} 
+ Ad 
------, 
l 6l I 







































Design Formulas for Shear Diaphragms 
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DESIGN FORMULAS FOR SHEAR DIAPHRAGMS 
This appendix presents the summation of the general 
design formulas for shear diaphragms, the standard evalu3-
tion forms for shear stiffness and shear strength, and 
three common 1.5 inch deep deck profiles. The geometry 
used represents average cross section dimensions for nar-
row, intermediate, and wide rib decks selected from several 
manufacturers. 
1. General Formulas for Shear Stiffness 
The general formulas for shear stiffness for single 
flute, double flute. triple flute and mixed flute case 
may be written as 
where 
G I = Et n 2 (1 + v) (s/d) + 0 >. + c 
n 
2Et L sf [ n - 1 1 
+ ne J c = sf/ss + 2a + npa2 a 2a 1 + n a + 2n p 2 s 1 
(4-)2 Bbn A Atn + (n-1) r kbn bn 
+ (n-1) (n-2) 2 
>. = Purlfn effective factor 
E = Young's modulus (ksi.) 
t = Sheet thickness {in.) 
f Co rrugation configurations (fn.) e, • g, h, w are 
d = 2e + 2g + f, pitch of corrugation (in.) 
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s = 2e + 2w + f, developed width of corrugation (in.) 
L = Length of panel (in.) 
a =Width of diaphragm (in.) 
n = Number of flutes between fasteners. 
n • Number of sheets in diaphragm. 
sh 
n a Number of purlins. 
p 
n = Number of intermediate fasteners between pur-
e 
lins, at one edge member, except purlins, and 
end members. 
ns = Number of sidelap fasteners at one sidelap, 
except purlins and end members. 
sf and ss are the fastener flexibility factors for 




• t~, xi is the location of fastener at end 
1 
member from center line of sheet. 
= t:i_, x. is the location of fastener at purlin 
wl J 
from center line of sheet. 
"' Width of sheet (in.) 
6ti = (k /4EI )0.25 ti t 
6bi = (k /4EI )0 · 25 bi b 
I = f 2 t (f + w) t 12 
Ib = e
2 t (2e + w) 3 
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sinh( 
E I o11 = 
h2 
- 3- (3f + 2w) 
2 
= + {3f + 2w) 
Eio22 = h2 [ s {4e 2 - 2ef + f 2) + d2 (3f + 2w}J 
12d2 
I = t 3112 
When n = 1, for single flute case: 
2Et f 2 
d L 
ktl= l/(o22 - +021) 
n = 2, for double flute 




n = 3, for triple flute case: 
2 
03 = 2Etf 3 a c 











+ 2e/f)15 21 
(2e[f) 
+ 2e/f)15 11 
1 
{1/2 + 2e/f)l5 11 
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+ 15 22 
+ 15 12 
+ 15 22 
n = m, for mixed flute case: 
+ (1/2) 512 
p 1, p2 and p3 are the fractions of diaphragms for 
single, double and triple flute cases, considering 
the end fasteners conditions. 
Defined 
p = (m · nd)/W 1 n n 
mn • Number of single (double or triple) flute 
per sheet. 
nd • Pitch of single (double or triple) flute (in.). 
w1 =Width of one sheet (in.). 
2. General Formulas for Shear Strength Su 
The general formulas for ultimate shear strength of 
diaphragms are based on three possible failure mechanisms. 
2.a Fastener failure along a panel edge 
SU • (2Bl + npB2 + ne} Qf/l 
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2.b "Strut-like" buckling 
S a [2Al + n + n a + 
u p s s 
2.c Fastener failures at the end of the panel, 
5u = Qf/Cl 
CI = { (~/ { + 
where 
X 
a = ,.._i_ f 1 "w , x1 s the location of fasteners from the 1 
center line of panel at end member. 
X· 
a 2 = t:I_ as a 1 but for fasteners located at purlins. 
wl 
x. 
I{--1-)2, x. is fastener location from the center line 
w1 1 
of panel at end member, but not reached the edge 
of panel. 
~2 d w ) as 
1 
X• 2 z:(~) , but in purlins. 
1 
Of = The ultimate strength of one fastener sheet to 
structure (lbs.) 
Qs = The ultimate strength of one fastener sheet to 
sheet (lbs.) 
n1 = {Number of end fasteners per sheet) x (Number of 
sheets) + 1 





L5 = Purl1n spacing (in.) 
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SHEAR STIFFNESS EVALUATION 
~Ls -4 Edge Member 
Pur11 




Pane 1 Type: 
-------
Test Type: 
Sheet Length: L = in. 
---
Sheet Base Metal 
No. of Purl ins: 
Nominal Sheet 
np "'--- Thickness: t = in. 
Diaphragm Width: a = in. 
Width: w1 = ________ in. 
No. of Sheets: nsh = __ _ 
St ructura 1 Fasteners: __ 
Stitch Connectors: ___ _ 
Purlin Effective 
Factor: A. = Young's Modulus: E = ksi. 
----
No. of Sheet-to-Sheet Connectors along L: n5 = 
No. of Edge Fasteners along Edge not at Purlins: n • e 
Sheet-to-Sheet Fastener Flexibility Factor: S • 
s 
Sheet-to-Structure Fastener Flexibility Factor: 
s = f 




= a2 1:--WI 
2 Et l sf [ nsh - 1 c .. a 2al + nPa2 + 2n5 Sf/Ss 
= 
2 EI.s 11 • ~ (3f + 2w) :: 
EI.s 12 • E I .s21 = 






Eio 22 .. 
h2 [ s(4e 2 - 2ef + f 2) + d2(3f + 2w) J 
12d2 
= 
I .. t3/12 = 
I = t
2t (f + w) = t 12 
I = e
2t (2e + w) = b 3 
ktl. __ ___:.1 ___ = ----------------
(o22 - t621> 
Btl • ktl )0.25 = 4 Eit 
01 = 2 Et 
f2 stl 
Atl = dl ktl 
1 
kt2 • ------- = --------------(622 + eff621) 
kb2 = __ _._(=-2e=/_:f-~.) __ = --------------( o12 + e/fOll) 
6b2 • (kb2/4Eib)0.25 • 
------------------- -·----------~ 
6 Q.25 
t 2 = (kt2/4Eit> = ---------------
28t2 8b2 J k A + (~) 2 -k-- A b2 
t2 t2 f b2 
= -------------------------------------
kt3 = 1 = (1/2 + 2e/f}o21 +022 
kb3 .. 2e/f 
= (1/2 + 2e/f)o 11 + 012 
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k = 1 = 
tc3 (1/2 + 2e/f}o 11 + o22 + {1/2}o 12 
= (k /4EI )0 · 25 = t3 t --------------------------
= (k /4EI )0 ' 25 = 
b3 b -------------------------------




2Et f 2 
3d L [ 
2tlt3 2 2 
At3 + 2 (~f ) 
kt3 
At c 3 J = -----------------------
A = sinh 2 (u) + sin 2 (u) = 
i sfnh(u) cosh(u) - sin(u) cos(u) -------------
s1L 
2 u = ( 
G' = Et = {kip./ 








mediate 1. 5052 
Rib 
(I) 
Wide Rib 1. 5052 
~W) and WB) 
e 
0.25 
Table F-1. Typical Roof Deck Data 
Eia 11 • h2(2w +3f)/3 
2 Eia 12 • Eia 21 = h (2w + 3f)/6 
Eia 22 • (h/d)2 [ s(4e2 - 2ef + f 2) + d2(3f + 2w~/12 
s = 2e + 2w + f. d = 2e + 2g + f 
t = panel thickness 
I 
Typical Panel Geometry (in.) Eqn. Reference Number* 1 
A-9 A-8 A-10 I 
Ell522 El611 E 16 12 ! 9 f h d s 
0.1875 5.125 1.50 6.00 8.648 4.529 13.799 6.899 
0.625 0.125 4.50 1.50 6.00 8. 760 3.834 12.383 6.191 
1.00 0.125 3.75 1.50 6.00 8.760 3.156 10.695 5.348 
---------------------- ----------- -




Reference Eqn. 3-13 
Panel End k + _ bn 




Rib 2 0.01288 




Rib 2 0.03511 
(I) 3 0.01756 
Wide 1 
---
Rib 2 0.06504 (W) 
(WB) 3 0.03252 
* y = 6 EL 2t 512/Pf 
n dn 
Table F-1. (Continued) 
3-13 3-13 3-15 3-14 
k ktc3 ELt512 Elt5/2 
• =__1!!. 
•tc3=E'I 6 6 tn EI P bn P tn 
(top) (top) (bottom) (top) 




0.1156 0.06164 443.227 120.736 









--- 136.191 67.963 
0.1152 0.05924 229.045 109.768 
---~--















































Panel Type: ______________ __ 
Sheet Length: L = in. 
No. of Purlins: np = ___ _ 
Nominal Sheet Width: w1=_in. 
No. of Sheet: "sh = 
Purlin Effective 
Factor: >. = 
Side lap 
Test Type: _____________ __ 
Sheet Base Thickness: 
t = 1 n. 
Diaphragm Width: a = ____ in. 
Structural Fasteners: ____ _ 
Stitch Connectors: ______ __ 
Young•s Modulus: Em ksi. 
No. of Sheet-to-Sheet Connectors along L: ns ~ -----------
No. of Edge Fasteners along Edge not at Purlins: ne=------
Sheet-to- Sheet Fastener Flex i bi 1 i ty Factor: Ss = __ ( 1 n/k i P) 
Sheet-to-Structure Fastener Flex. Factor: Sf= (in/kip) 
al • ~_21_ = ------------------------------------------Wl 
a2 = r~ = ---------------------
wl 





G1 = Et ) ~2-r( "1 -:+-v ~)(r-s..!i/..!;.d ...... ) -+--=-0->. -+-C = _________ ( k 1 PI in 
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SHEAR STRENGTH EVALUATION 
Pane 1 Type: 
---------------
Sheet Length: L ~ 
No. of Purlins: np = ___ _ 
in. 
Test Type: _____________ __ 
Sheet Base Metal 
Thickness: t • _______ in. 
Diaphragm Width: a = __ ft. 
____ ft. 
Purlfn Spacing: Ls = 
Nominal Sheet Width: --- Structural Fasteners: w1 =_in· Stitch Connectors: ---
No. Sheet-to-Sheet Connectors along L: "s = -----------
No. of Edge Fasteners along Edge not at Purlins: ne=------
n1= (No. of End Connectors/Sheet)(No. of Sheets)+ 1= __ __ 
Purlfn Conn. Layout End Conn. Layout 
Stitch Connector Strength (Figure ) : Qs = 1 bs. 
Structural Conn. Strength (Figure ) : Qf = 1 bs. 
a = Os/Of = .\1 = 1 • s 
)2 1 + { Ls Fy '" ksi 135 
a 1 • rx 1tw 1 = ---------------------------------------
a.2 = t x j /w 1 .. 
Su '" (2a 1 + npa2 + ne) Qf/L = ____________________ ,plf. 
t(xi/wl)2 • 
t ( x j /w 1 ) 2 = ---------------------
Su ·[ 2.\1 + "P + "sas + 4t( Xj )2] Q /l w1 f 





Su = Qf/Cl = 
---------------------------------plf. 
Critical Value, Smallest Value Above. 
max. su = ______________________ plf. 
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APPENDIX G 
Tables of Comparison of Exper1•ental 
and Theoretical Data 
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} • 1. 5" 
e t-+:j ~e f. 3.75 
9 g e • 1. 0 11 
r d • 6" ~ g • 0.125" 
w • 1. 5052 II 
W i de R 1 b Deck - "w" & 11 w B " 
eH-;J 
9 
r d • 6 11 
Intermediate Rib Deck - "I" 





,. d • 6" ., 
Narrow Rib Deck - "A" 
e • 0.625" 
9. 0.125" 
w • 1. 5052" 
~- 1. 5" 
e • 0.25" 
9 • 0.1875" 
w • 1.5117" 
Figures G-1. Tested Deck Proffles 
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-ttg1+-gtt 





~ d ~ 
4" - Square 
~ f 1 JJ 
~ 9 +-t-
r d , 
8" - Square 
F1 9ure G-1. Tested Deck Profiles 
e • 0.4375" 
9 • 1.5625" 
h • 1.75" 
w • 2.346" 
h • 1.0" 
d • 4.0" 
e • 0.6875" 
9 • 0.50" 
f • 1.625" 
w • 1.118" 
e • 0.6875" 
1 h • 1" d • 8" 9 • 0.5" 
f • 5.625" 
w. 1.118" 
(Continued) 
Welds at Standing 







~~ I 3/8 .. 
f· 1~" ., 
Long Weld 
Sy•bols 
* 5/8" diaMeter round 
weld 
I 3/8 x 1~ long weld 
() Button punch on 
sfdelaps 






Welds patterns are repeating, alternating 
long and round welds 12" O.C In ends or 
purlf ns. 
The welds are repeating with round welds 
12" o.c. 
Sldelaps are button-punched on 30" centers. 
Bead welds spacing at 20" on sidelaps or 
edges. 
Figure G-2. Weld Types and Arrange•ents 
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L • 2o· I 
JO'' Jo• Jo• JO" 1 r t r ·1· 
-
• s•-"i s 
- ,... 
"' See II 
a • 16' 
/"'" r-.... /"':_ D ( ) ~ 
"'-.. ~· 7-...._ 
-". 





~ I ~ ~ ~ I End Edge Member Purlfns Member 
X Sheet-to-Sheet Fasteners 
• Sheet-to-Structure Fasteners 
N5 h • 8, np • 3, ne • 4, n5 • 4, n1 • 17 
··on 1· 
Ends and Purlins Fasteners Arrangement 
Figure G-3. Typical Diaphragm Tested Deck 
Table G-la. Welded Diaphragms Test Data, "B" Deck, W - Series 
Test Panel Diaphragm Fastener Pattern Intermediate** Purl in 
No. Width Size (Spacing in.) Fasteners Spacing 
(Spacing in.) 
wl a L * * * Ls (in. ) (ft.) (ft.) End Purl in Side-lap Edge (ft.) 
W- 1 24 16 20 /12*12/ /12*12/ None None 4'-0 W- 2 II II II II II II II 5'-0 I W- 3 II II II II II II II 6 I -8 W- 4 II II II II II II II 4'-0 W- 5 I II II II II II II II 5'-0 W- 6 II II II II II 
" 
II 4'-0 W- 7 " " II II II II II 4'-0 W- 8 II II 16 II II II II 5'-4 W- 9 " II 12 II H II II 6'-0 W-10 30 " 20 /12/G/12/ /12/6/12/ II II 5'-0 W-11 II 
" " " " 
II II 5'-0 W-12 " II II II II 
" 
II 5'-0 W-13 II II II /12*6*12/ 
" 




















Table G-1a. Welded Diaphragms Test Data, "B" Deck, W - Series (Continued) 
Test Panel DiaphragmT Fastener Pattern 
No. Width Size {Spacing in.) 
a / l w1 * * 
(in. ) c ft.) I c ft.) End Purl in 
W-14 30 16 20 /12*6*12/ /12/6/12/ 
W-15 n .. II /12/6/12/ II 
W-16 24 .. II /6*12*6/ /12*12/ 
W-17 II II II II II I 
W-18 II I .. I " /12*12/ " 
W-19 II " I " II II 
W-20 " II I " II II 
W-21 " II I II 112/12/ /12/12/ 
W-22 II II " /6/6/6/6/ /12/12/ 
W-23 II II 
. -~~- _[6/6/6/6/ /12/12/ 
- ----
Note: a = Width of diaphragms 
l = Length of panel 
* • Fastener patterns (See Fig. G-3) 
Intermediate** Purl in Sheet 
Fasteners Spacing Thickness 
(Spacing in.) 
* ls t 
Side-lap Edge (ft. } ( 1 n. } 
None None 4'-0 .0290 
II II 5'-0 .0278 
II II 6'-8 .0348 I 
II II 6'-8 .0288 
II 
" 5'-0 .0465 
:30: II 5'-0 . 0355 
:20: II 5'-0 .0355 I 
:30: :30: 5'-0 .0370 I 
:30: :30: 5'-0 . 0370 j :30: : 15: 5'-0 .0370 
-
**=The fasteners between the purlins, 
no account at purlins and ends. 




















Table G-1b. Co•par1son of Exper1•enta1 and Theoretical 
Data - Welded D1aphrag•s - •s• Deck. W-Series 
Yield Elon- Shear Stiffness s• ( Exp.) Shear Strength 
Strength gat1on G'(Exp.) G' (Theo.) G'(Theo.) Su(Exp.) Su(Theo .) 
F1 (ks1) (I) (k/1n.) (k/1n.) (plf) (plf} 
44.4 32.0 15.2 18.80 0.809 624 622 
89.5 2.5 18.4 17.05 1.079 605 572 
44.5 30.9 10.6 10.02 1.058 320 286 
40.4 28.5 14.1 20.08 0. 702 650 593 
44.5 30.9 11.1 11.79 0.942 401 398 
44.5 30.9 12.0 13.47 0. 891 461 491 
92.7 2.0 16.2 14.83 1.092 508 605 
44.4 32.0 12.1 13.52 0.895 510 489 
44.4 32.0 9.4 10 .. 42 0.902 467 458 
45.1 29.0 40.3 34.25 1.177 1040 776 
34.6 37.5 21.6 18.78 1.150 640 383 
34.8 38.3 20.7 21.93 0.944 630 429 
34.8 38.3 20.6 21.93 0.944 580 429 






















Table G-1b. Comparison of Experi•ental and Theoretical Data -
Welded Diaphragms - •s• Deck, W-Series (Continued) 
Test Yield Elon- Shear Stiffness G'(Exp.) Shear Strength Su(Exp.) 
No. Strength gat ion G'(Exp.) G'(Theo.) G • (Theo.) Su(Exp.) Su(Theo.) Su(Theo.) 
F1 (ks1) (S) (k/1n.) (k/1n.) ( pl f) {plf) 
W-15 39.4 36.0 16.9 13.64 1.239 450 352 1.278 
W-16 44.4 32.0 23.2 20.56 1.128 505 429 1.177 
W-17 44.5 30.9 14.4 15.05 0.957 339 339 1.000 
W-18 41.2 35.2 21.3 27.87 o. 764 830 679 1.222 
*W-19 89.5 2.5 23.0 20.87 1.102 807 613 1. 316 
*W-20 89.5 2.5 24.9 23.31 1.068 912 613 1.488 
i W-21 40.0 23.7 14.2 24.06 0.590 790 840 0.940 
W-22 40.0 23.7 67.7 61.9 1.094 995 920 1.082 
W-23 40.0 23.7 87.2 64.5 1.352 1090 920 1.185 
-- ------ ---- -
* Brittle materials, use 0.55 F 1nto the 


























Table G-2a. Welded Diaphragms Test Data. "B" Deck. WB - Series 
Panel Diaphragm Fastener Pattern Intermediate** Purl in 
Width Size {Spacing in.) Fasteners Spacing 
(Spacing in.) 
w a L * * * * Ls 1 
(in. ) (ft.) (ft.) End Purl in Side-lap Edge (ft.) 
24 16 20 *12*12* *12*12* None None 5'-0 
II II II 
" 
II (20) :20: 6'-8 
II II II 
" 
II None None 6'-8 
II II II II II II II 4'-0 
II II II II II II II 5'-0 
II II II II II II II 5'-0 
II II II II II II II 6'-8 
II II II II II II II 4'-0 
II II II II II II II 4'-0 
" 
II II II II 
" 
II 6' -8 
II II II .. II II II 6'-8 
" 




H II n II II 5'-4 
" " 























Table G-2a. Welded Diaphragms Test Data, "B" Deck, WB - Series (Continued) 
Test Panel Diaphragm Fastener Pattern Intermediate** Purl in Sheet 
No. Width Size (Spacing in.) Fasteners Spacing Thickness 
(Spacing in.) 
w1 a L * * * * Ls t 
( 1 n. ) (ft.) (ft.) End Purl in Side-lap Edge (ft. ) (in. ) 
WB-15 24 16 16 *12*12* *12*12* None None 5'-4 .0365 I WB-16 " II 12 u II n n 6'-0 .0365 
WB-17 II " 20 *6*12*6 II II " 6'-8 .0365 
WB-18 II II 16 " II II II 5'-4 .0365 
WB-19 36 II 20 *12*12*1~ *18*18* (20) :20: 5'-0 .0460 
WB-20 " II II " II :20: " 5!-0 .0460 
WB-21 II II II II II (20) II 5'-0 .0330 
WB-22 II II II II II :20: u 5'-0 .0330 
WB-23 II II II II II (20) II 5'-0 .0280 
WB-24 II II " n n :20: " 5'-0 .0280 
WB-25 II II 16 " II (20} " 8'-0 .0460 
WB-26 n II II " n :20: II 8'-0 .0460 
WB-27 " " II n II (20) " 8'-0 .0330 
WB-28 II II n n II :20: II 8'-0 .0330 











Table G-Za. Welded Diaphragms Test Data, "B" Deck, WB - Series (Continued) 
Test Panel Diaphragm Fastener Pattern 
No. Width Size (Spacing in.) 
wl a L * * 
(in.) (ft.) (ft.) End Purl in 
WB-30 36 16 16 *12*12*12* *18*18* 
WB-31 24 II 20 /12/12/ /12/12/ 
WB-32 II II II II II 
WB-33 II II II /6/12/6/ II 
WB-34 II II II /12/12/ II 
WB-35 II II II II II 
WB-36 II II II *6*12*6* *12*12* 
WB-37 II II II *12*12* II 
WB-38 II II II II II 
WB-39 II II 11 I II 11 
WB-40 II II II II II 
WB-41 n II 12 II II 
--
Note: a • Width of diaphragms 
l • Length of panel 
* • Fastener Patterns - See Fig. G-3. 




* * Ls t 
Side-lap Edge (ft.) {in. ) 
:24: :24: 8'-0 .0280 
None None 5'-0 .0455 
II II 5'-0 .0275 
II II 5'-0 .0453 
II II 6'-8 .0455 
II II 4'-0 .0453 
II II 6' -8 .0320 
II II 6'-8 .0365 
11 11 6'-8 .0496 
II II 6'-8 .0587 
11 II 5'-0 . 0365 
11 11 6'-0 .0365 
** • The fasteners between the purlins, 
no account at purlins and ends. 





















Table G-2b. Comparison of Experimental and Theoretical 
Data - Welded Diaphragms - •su Deck. WB-Series 
Yield Elon- Shear Stiffness G'{Exp.) Shear Strength 
Strength gat ion s•(Exp.) G'{Theo.) G'(Theo.) Su(Exp.) Su(Theo.) 
Fy(ksi) (S) {k/fn.) {k/fn.) {plf) (plf) 
43.6 29.0 32.3 31.06 1.037 1260 803 
44.7 29.7 12.6 16.00 0.788 495 491 
44.7 29.7 11.8 15.36 0. 768 480 401 
44.7 29.7 16.5 20.60 0.801 775 665 
38.4 39.0 16.0 16.6 7 0.960 525 440 
34.6 37.5 16.6 16.84 0.986 580 398 
40.4 29.5 10.6 12.15 0.873 492 307 
42.6 35. 1 12.7 15.66 0. 811 615 524 
51.5 28.0 11.5 13.04 0.882 423 558 
43.2 30.1 8.3 8.93 0.929 311 267 
43.2 30.1 12.8 8.93 1. 433 339 267 
47.6 29.3 32.4 34.97 0.927 1577 1046 
44.6 32.3 19.4 25.80 0.752 1125 780 























No. Strength gat ion 
F1 (ks1} (I) 
WB-15 44.7 29.7 
WB-16 44.7 29.7 
WB-17 44.7 29.7 
WB-18 44.7 29.7 
WB-19 53.9 36.0 
WB-20 53.9 36.0 
WB-21 56.9 36.6 
WB-22 56.9 36.6 
WB-23 51.6 38.5 
WB-24 51.6 38.5 
WB-25 53.9 36.0 
WB-26 53.9 36.0 
WB-27 56.9 36.6 
WB-28 56.9 36.6 
WB-29 51.6 38.5 
Co•parison of Experimental and Theoretical Data -
Welded Diaphragms - "B• Deck, WB-Series (Continued) 
Shear Stiffness G'(Exp.) Shear Strength Su(Exp.) 
G'(Exp.) G'(Theo.) G' (Theo.) Su{Exp.) Su(Theo.) Su(Theo.) 
(k/in.) (k/in.) (plf) (plf) 
13.8 14.80 0.932 694 524 1. 324 
8.4 11.49 0.731 498 491 1.014 
19.8 22.24 0. 890 580 458 1.266 
22.7 20.19 1.124 906 595 1.523 
34.5 31.50 1.095 1400 1118 1.252 
32.0 42.74 0.749 1500 1618 0.927 
19.0 18.26 1.041 1025 752 1. 363 
19.0 21.17 0.898 950 1165 0.815 
13.6 13.20 1. 030 720 585 1.231 
13.5 14.76 0.915 783 867 0.907 
27.8 25.00 1.112 1140 950 1.200 
26.3 31.00 0.848 1295 1526 0.849 
14.8 13.06 1.133 750 562 1. 335 
14.9 14.80 1.007 730 1066 0.685 


















Table G-2b. Co•parison of Experimental and Theoretical Data -
Welded Diaphrag•s - •s• Deck, WB-Serfes (Continued) 
Yield Elon- Shear Stiffness &•(Exp.) Shear Strength Su(Exp.) 
Strength gatfon &• (Exp.) G • (Theo.) & 1 (Theo.) Su(Exp.) Su(Theo.) Su(Theo.) 
F1 (ksf) (S) (k/tn.) (k/fn.) (plf) (plf) 
51.6 38.5 8.3 9.98 0.832 530 674 0.786 
48.6 27.3 27.4 26.40 1.038 1250 683 1.830 
48.6 27.3 12.3 10.70 1.150 472 410 1.151 
48.4 28.7 29.8 36.20 0.823 1400 856 1.636 
48.6 28.7 23.0 21.40 1.075 1000 577 1. 733 
48.4 28.7 31.2 30.33 1.029 1400 955 1.466 
40.4 29.5 15.4 17.90 0.860 348 351 0.991 
44.7 29.7 12.8 15.40 0.831 409 401 1.020 
44.6 32.3 17.6 25.80 0.682 460 599 0. 768 
47.6 29.3 31.0 33.80 0.917 738 754 0.979 
44.7 29.7 13.1 17.95 0.730 696 541 1. 287 
44.7 29.7 10.2 10.60 0.962 583 491 1.187 
~ ------ -










A· 1 24 
A- 2 II 
A- 3 It 
A- 4 II 
A- 5 II 
A- 6 II 
A· 7 II 
A- 8 II 







Table G-3a. Welded Diaphragms Test Data, "A" Deck 
Diaphragm Fastener Pattern Intermediate** Purl in 
Size (Spacing in.) Fasteners Spacing (Spacing in.) 
a l 
* * * * l 
s (ft. } (ft.) End Purl in Side-lap Edge (ft.) 





II II II II II II 6'-8 II II /6/12/6/ II II 
" 6'-8 II II /12/12/ II II II 6'-8 
II II /6/12/6/ II II II 6 I •8 
II II /12/12/ II II II 6 I •8 
II 12 II II II 
" 6'-0 II 20 /6/12/6/ II II II 6'-8 
II II II II II II 6'-8 
II II II II II II 6'-8 
II II II II II II 6'-8 
II II /12/12/ II II 
" 6'-8 
II 12 II II II II 6'-0 







































Table G-3a. Welded Diaphragms Test Data, "A" Deck (Continued} 
Panel Diaphragm Fastener Pattern Intermediate** Purl in 
Width Size (Spacing in.} Fasteners Spacing 
(Spacing in.} 
w1 a L * * * * Ls 
(in. } {ft.} (ft.} End Purl in Side-lap Edge (ft.) 
24 16 20 /12/12/ /12/12/ None None 5'-0 
18 II II /6/12/ /6/12/ II II 6'-8 
24 II II /12/12/ /12/12/ II II 5'-0 
18 II II /6/12/ /6/12/ II II 5'-0 
n II II II II II II 6'-8 
24 " II /12112/ /12/12/ II II 4'-0 
18 II " /6/12/ /6/12/ II II 5'-0 
18 II II II II II II 5'-0 
24 II II /12/12/ /12112/ II II 4'-0 
II 
" 
II II II II II 10'-0 
" 
II II II 
" 
II II 5'-0 
II II II /6/12/6/ /6/12/6/ II " 5'-0 































Table G-3a. Welded Diaphragms Test Data, "A" Deck (Continued) 
Panel Diaphragm Fastener Patterns Intermediate** 
Width Size (Spacing in.) Fasteners 
(Spacing in.) 
w1 a L * * * * 
( in. ) (ft.) (ft.) End Purl in Side-lap Edge 
24 16 20 /6/12/6/ /12/12/ None None 
II 
" " /12/12/ " II II 
30 II II /12/6/12/ /12/6/12/ II II 
II II 
" 
II II II II 
II II II II II II II 
II II II II II II II 
--- - ~ ---- --- - ---- -------L----- ----
a • Width of diaphragms 




















. 0 33 7 
.0275 
----
** • The fasteners between the pur11ns, no account at purlins and ends. 
* • Fastener pattern - See Figure G-3. 







A- 1 43.5 
A- 2 43.5 
A- 3 43.5 
A- 4 43.5 
A- 5 42.7 
A- 6 42.7 
A- 7 41.4 
A- 8 42.7 






Table G-3b. Co•parison of Experi•ental and Theoretical 
Data - Welded Diaphragms - •A• Deck 
Elon- Shear Stiffness G'(Exp.) Shear Strength 
gat ion G'(Exp. l G'(Theo.) G' (Theo.) Su(Exp.) Su(Theo.) 
(S} (k/1n.) (k/1n.) ( pl f) (plf) 
30.8 8.3 10.60 0.783 339 392 
30.8 10.1 12.05 0.838 432 486 
30.8 8.2 9.13 0.898 265 292 
30.8 11.7 12.91 0.906 240 335 
32.0 11.9 12.41 0.959 293 353 
32.0 13.3 17.30 0.769 396 396 
33.0 20.0 20.24 0.988 479 487 
32.0 7.8 8.82 0.884 411 433 
32.5 9.1 14.33 0.635 320 337 
32.5 9.4 14.33 0.656 316 337 
32.5 15.3 18.19 0.842 451 474 
32.7 26.1 31.00 0.842 706 701 
32.7 21.6 24.06 0.898 591 613 








































Table G-3b. Comparison of Experimental and Theoretical Data -
Welded Diaphragms - •AH Deck (Continued) 
Elon- Shear Stiffness G'(Exp.) Shear Strength Su(Exp.) 
gat ion G'(Exp.) G • ( Theo.} G' (Theo.) Su(Exp.) Su(Theo.) Su(Theo.} 
(I) (k/in.) {k/in.) (plf) (plf) 
30.1 22.4 23.93 0.936 832 679 1.225 











Table G-3b. Comparison of Experi•ental and Theoretical Data -
Welded Diaphragms - •A• Deck (Continued) 
Elon- Shear Stiffness G' (Exp.) Shear Strength Su(Exp.) , 
gat1on G'(Exp.) G'(Theo.) G'(Theo.) Su(Exp.) Su(Theo.) Su(Theo.) 
(%) (k/in.) (k/in.) (plf) (plf) 
27.7 15.7 17.10 0.918 550 500 1.100 
34.0 10.0 10.00 1.000 345 276 1.250 
27.7 20.1 19.52 1. 030 615 617 0.997 
34.0 11.4 11.53 0.989 515 370 1. 392 
--- --
L__ --- ---
- - -- -----

















Table G-4a. Welded Diaphragms Test Data, "I" Deck 
Panel Diaphragm Fastener Pattern 
Width Size {Spacing in.) 
w1 a L * * 
(in . ) (ft.) (ft.) End Purl in 
24 16 20 *12*12* *12*12* 
II II II II II 
II II II II II 
II II II II II 
II II II II II 
11 11 II II II 
II 11 II 11 11 
11 II II 
*6*12*6* II 
11 11 11 11 11 
11 II II II 11 
a • Width of diaphragms 
L • Length of panel 
* • Fastener pattern - See Figure G-3. 





Side-lap Edge (ft.) 
None None 10'-0 
II 11 10'-0 
II II 6 I -8 
II II 5'-0 
II II 5'-0 
II II 6'-8 
11 11 6'-8 
II II 5'-0 
11 11 6'-8 













. 0 342 
.0284 
.0477 
** • The fasteners between the purlins, no account at purlins and ends. 


















Table G-4b. Comparison of Experimental and Theoretical 
Data - Welded Diaphragms - "I" Deck 
Elon- Shear Stiffness G 1 ( Exp.) Shear Strength Su(Exp.) 
Strength gat ion G1 (Exp.) G 1 {Theo.) G1 {Theo.) Su(Exp.) Su ( Theo.) Su(Theo.) 
Fy(ksi) (%) (k/in.) (k/1n.) ( plf) (pfl) 
37.7 32.7 9.1 10.75 0.847 350 192 1.823 
43.2 36.0 17.5 18.30 0.956 550 413 1. 330 
43.2 36.0 21.6 20.20 1.069 755 500 1.510 
37.7 32.7 16.1 15. 10 1.066 535 423 1. 264 
43.9 32.2 11.3 10.51 1.075 315 386 0.816 
43.9 32.2 8.0 9.07 0.882 275 288 0.955 
43.5 31.2 12.7 12.80 0.992 360 360 1.000 
43.5 31.2 24.8 21.15 1.173 520 483 1.077 
48.8 27.5 17.5 13.40 1.306 500 366 1. 366 
40.1 33.3 36.6 31.70 1.155 750 583 1.286 
--- - ---- - -
-- --




Table G-Sa. Screwed Diaphragm, Test Data 
Test Panel Diaphragm Fastener Pattern Intermediate** 
No. Width Size (Spacing in.) Fasteners (Spacing in.) 
w1 a L * * * * 
(in. ) (ft.) (ft.) End Purl in Side-lap Edge 
I -1 30 16 20 12-6-12 12-6-12 30 30 
I-2 II II II II It 20 20 
I-3 It II It It II 30 30 
1-4 It II II II II 20 20 
I-5 II II II II II 24 24 
I-6 II II II II II II II 
*W-7 24 It It 12-12 12-12 II II 
*W-8 II II II II It II II 
W-9 II II It II II II II 










































Table G-5b. Comparison of Experimental and Theoretical 
Data - Screw Connected Diaphragms 
Shear Stiffness G'{Exp.) Shear Strength Su(Exp.) 
G'{Exp.) G' (Theo.) G'{Theo.) S (Exp.) 
u 
Su(Theo.} Su(Theo.) 
(k/in.) (k/in.) ( p lf) ( pfl ) 
22.37 17. 14 1.305 430 447.6 0.961 
21.78 19.09 1.141 650 578.8 1.123 
16.00 11.32 1.413 335 328.8 1.018 
16.67 12.54 1.329 495 421.9 1.173 
15.31 13.01 1.177 388 403.0 0.963 
22.96 19.69 1.166 610 547.5 1.114 
4.80 4.36 1.101 285 301.8 0.944 
5.30 4.36 1. 216 275 301.8 o. 911 
9.10 10.56 0. 862 417 381.0 1.094 
- ~--- ~----
NOTE 













Table G-6a. E. G. Smith Panels - Screwed Diaphragms, Test Data 
Test Panel Diaphragm Fastener Pattern Intermediate** Purl in No. Width Size (Spacing in.) Fasteners Spacing 
(Spacing in.) 
wl a L End Purl in Side-lap Edge Ls (ft.) (ft.) (ft.) (ft.) 
4 11 -Rib- 1 36 16 20 * * 16 16 6'-8 4"-Rib- 2 36 II II * * 16 16 6'-8 8"-Rib- 3 40 II II 
** ** 16 16 6 I •8 8 11 -Rib- 4 40 II II 
** ** 16 16 6 1 -8 8"-Irtv- 5 40 II II 
*** *** 16 16 6 1 -8 8"-INV- 6 40 II It 
*** *** 16 16 6 I -8 4"-Rib- 7 36 II II 
* * 20 20 6 1 -8 4 11 -Rib- 8 36 II II 
* * 26.7 26.7 6 1 -8 8 11 -Rib- 9 40 II II 
** ** 26.7 26.7 6 1 -8 8"-Rib-10 40 
" 
II 
** ** 26.7 26.7 6 1 -8 V-Beam-11 34 1 " II **** **** 16 16 6 I •8 8 Y- Beam-12 341 h II 




















Table G-6a. E. G. Smith Panels - Screwed Diaphragms, Test Data (Continued) 
Test Panel Diaphragm Fastener Pattern Intermediate** Purl in 
No. Width Size (Spacing in.) Fasteners Spacing 
(Spacing in.) 
w1 a L End Purl in Ls 
(ft. ) (ft.) (ft.) Side-lap Edge (ft.) 
V-Beam-13 34 1 8 16 20 **** **** 16 16 s•-8 
V-Beam-14 341 II II 
8 **** **** 26.7 26.7 6·-a 
---
- ~ 
* 8-8-8-8-4 ........ 
** 8-8-8-8-8 ........ 
*** 8-8-8-8 ........ 
**** 9 3/4 - 9 3/4 - 9 3/4 - 4 7/8 ........ 
All sheet-to-sheet fasteners are AHT 6C screws and sheet-to-structure 















411 -Rib- 1 
411 -Rib- 2 
4 11 -Rib- 3 
8•-Rib- 4 
8•-Rib- 5 
8 11 -Rib- 6 
411 ·R1b- 7 







Table G-6b. Co•parison of Experimental and Theoretical Data -
Screw Connected Diaphragms -(E. G. Smith Panels) 
Shear Stiffness G' ( Exp.) Shear Strength Su(Exp.) 
G'(Exp.) G'(Theo.) G' (Theo.) Su(Exp.) Su{Theo. Su(Theo.) 
( k/in.) (k/in.) ( pl f) (plf) 
22.4 22.6 0.991 386 405 0.953 
41.0 31.8 1.289 570 538 1.059 
33.2 30.4 1.092 455 386 1.179 
44.7 43.3 1.032 630 539 1.169 
84.2 66.8 1.260 500 549 0.910 
72.6 54.8 1. 325 453 383 1.183 
28.2 28.6 0.986 532 486 1.095 
24.0 17.4 1.380 337 305 1.105 
30.0 22.2 1. 351 375 286 1.311 
36.9 30.0 1.200 470 370 1.270 
22.24 22.1 1.006 529 513 1.031 
22.3 18.0 1. 239 340 383 0.888 
14.83 14.9 0.995 461 378 1.220 




















Table G-7a. Ramset NP 55 B 58 with 112 TEKS Screws -
Mixed Diaphragms, Test Data 
Diaphragm Fastener Pattern Intermediate Purl in 
Size (Spacing in.) Fasteners Spacing 
(Spacing in.) 
a L Ls 
(ft. ) (ft. ) End Purl in Side-lap Edge (ft.) 
16 20 12-12-6 12-12-6 26. 7 26.7 6'-8 
16 20 12-12-6 12-12-1 16.0 16.0 6'-8 
16 20 * * 16.0 16.0 6 '-8 
.~ 
-- -


















Table G-7b. Comparison of Experimental and Theoretical Data -
Ramset with 112 TEKS Screws - Mixed Diaphragms 
Shear Stiffness G' (Exp.) Shear Strength Su(Exp.) 
G' (Exp.) G' {TheoJ G'(Theo.) Su{Exp.) Su{Theo.) Su(Theo.} 
{k/1n.) (k/in.) { pfl) { plf) 
20.0 19.53 1.024 505 572 0.883 
21.0 21.37 0.983 715 769 0.930 
21.1 21.2 0.995 580 588 o. 986 
. - . 
* • All diaphragms are Ramset pins in sheet-to-structure and 




















Table G-Sa. Pneutek 144 Pin with #12 TEKS Screws -
Mixed Diaphragms. Test Data 
Diaphragm Fastener Pattern Intermediate Purl in 
Size (Spacing in.) Fasteners (Spacing in.) Spacing 
a L Ls 
(ft. ) (ft.) End Purl in Side-lap Edge (ft.) 
16 20 6-12-12 6-12-12 30 30 5'-0 
16 20 * * 30 30 5'-0 
16 20 4-8-8-8-8 4-8-8-8-8 30 30 5'-0 
- --- ----
[ ___ -- ------


















Table G-8b. Comparison of Experimental ana Theoretical Data -
Pneutek 144 Pin with #12 lEKS Screws - Mixed Diaphragms 
G'(Exp.) Su(Exp.) Shear St 1 ffnes s Shear Strength 
NOTE 
G'(Exp.) G'(Theo.) G'(Theo.) Su(Exp.) Su(Theo.) Su(Theo.) 
* (k/in.) (k/in.) ( plf) ( p lf) 
14.02 14.92 0.940 260 334 0. 779 
56.70 55.20 1. 027 530 567 0.935 
I 
36.70 35.40 I 1. 037 420 421 0.998 l l I 
1.001 0.904 
• • All diaphragms are Pneutek Pins in sheet-to-structure and #12 lEKS 









W- 1 24 
w- 2 II 
W- 3 II 
W- 4 II 
W- 5 II 
W- 6 I II 
W- 7 II 
W- B II 









Table G-9a. 4 1 Wide Screws Diaphragms - #12 TEKS 
Diaphragm Fastener Pattern Intermediate Purl in 
Size (Spacing in.) Fasteners Spacing 
(Spacing in.) 
a L End Purl in Ls 
(ft.} (ft. ) Side-lap Edge (ft.} 
4 20 12-12 12-12 - - 10 1 -0 
II II II II 60 
-
10 1 -0 
II II II II 30 
-
10 1 -0 
II II II II 15 - 10 1 -0 
II II II II 3 
- 10 1 -0 
II II II II 60 60 10 1 -0 
II II II II 30 30 10 1 -0 
II II II II 15 15 10 1 -0 
II II II II 60 3 10 1 -0 
II II II II 30 3 10'-0 
II II II II 15 3 10 1 -0 
II II II II 3 3 10 1 -0 
II II 6-12-6 II 3 3 10'-0 
II II 6-6-6-6 II 3 3 10'-0 
II II 12-12 II 3 3 6 1 -8 
II II II II 3 3 5 1 -0 
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Table G-9b. Comparison of Experimental and Theoretical Data - (4' Wide) 
Shear Stiffness G'(Exp.) Shear Strength S11 (Exp.) 
G'(Exp.) G' (Theo.) G'(Theo.) Su(Exp.) Su(Theo. Su(Theo.) 
(k/in.) (k/in.) (plf)* ( p lf) J 
6.86 7.52 0.912 ! 
7.81 3.56 ').912 l 




\ 10.05 I 9.95 0.990 I I i i 13.79 \ 13.11 1. 053 I 
I I I 
I l 16.00 116.04 \ 0.997 I l I 9.23 14.21 1).649 j ! I I I 
14.55 15.76 I 0.923 
16.20 17.76 0.912 
17.78 20.12 0.884 
32.00 32.31 0.990 
81.84 81.79 1.000 
17.73 22.00 0. 808 
20.00 24.29 0.823 
21.00 26.80 0.784 






Diaphragm App11cat1on in Bu11d1ngs 
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DIAPHRAGM APPLICATION IN BUILDINGS 
1. General 
The determination of diaphragm deflection is a 
relatively straight forward procedure when it acts as 
the web of simple beam. However, in applications such 
as roof diaphragms on multi-bay portal frame buildings, 
the deflection fs not easy to determine unless considera-
tion of the interior frame stiffness is neglected. This 
is because the interior frames remove shear forces from 
the diaphragm in proportion to their stiffness and the 
deflection problem is redundant. The degree of redun-
dancy is proportional to the number of interior frames. 
The additional equations required to solve the problem 
are acquired from the deflection compatibility require-
ments between the diaphragm and the frames. 
2. Sample Problems 
A. Shear Stiffness 
A test is conducted on a cantilever test frame 
shown in Figure H-1 to determine fts stiffness. 
In this specimen, the panel is L long and a force P 
is applied in this direction to determine the ulti-
mate load Pu. The maximum design load is then taken 
to be p • 0.4 Pu. Measurements A1 and A2 are taken 
and their average value A is taken to correct for 
any support movement as bending displacement that 
may be present. 
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Figure H-1. Cantilever Test Frame 
' 
' A 
' 1' ' ... ~ s I ~ I ~ 
a I 
~ I __.. 1 ... y 
~ 
Figure H-2. Cantilever Walls 
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The shear stiffness is then calculated from 
the equation. 
G' = ~ • P/L y = s y (H-1) 
Note: Standard design formulas give a numerical 
value for G' that reflect the conditions of 
installation. If, for example, the panels 
had spanned the shorter direction, a, a 
different value of G' may have resulted. 
Example I 
Determine the shear deflection of the wall 
panel shown in Figure H-2 with the following data 
given: 
p S • --L-- • 150 plf. • 0.15 k/ft 
a • 20' 
G' • 10 k/in 
Solution: 
A.~. (0.15 k/ftl(20 ft) • 0 •3 in G' (10 k/ n) (H-2) 
Example II 
A roof diaphragm is shown in Figure H-3 where it 
is assumed the walls have no torsional stiffness (M•O) 
and G' has determined from tests or for•ulas and re-
flects the condition of attachment, span dfrectfon, 
panel length, etc. 
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w (eave line load) 
t I l I i I l l ll I 1 
Panel l Span l l 
L 
~ H 
Figure H-3. Roof Plan 
B 
0 
a • 20' 
• 40' 
Br-----------------------, 0 
r Roof Plan l 
c 
Figure H-4. "Frameless" Structure 
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Shear equilibrium 1s maintained. Thus, 
SH • Sy .. S 
In this case. s • ~ (~ - x) and, at x • L/2 from 
the end, the deflection is 
A • fo L/2 w <t - x) dx • WL 2/8G'B max G'B (H-3) 
The above neglects bending deflection which is usually 
a small value in light gage diaphragm structures. 
Example III 
Consider the "frameless" structure shown in 
Figure H-4, loaded by a lateral wind load of 20 psf 
on one side only. 
The eave line load W is approximated by 
W • 20 psf x 20'/2 • 200 plf 
The total shear force P along AB and CD 1s 
PAB • PCD • 200 plf x 60/2 • 6000 lbs. 
SAB • SCD • 6000/40 • 150 plf. 
Further, depending on how the wind load is handled, 
SEF • SCD = 150 plf. 
Suppose the stiffness is: 
G' • 10 k/in (Endwall) 
G' • 12 k/fn (Roof) 
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The deflection of end wall relative to foundation is 
11 1 • Sa/G' • .150 (k/ft) x 20(ft)/10(k/1n) = 0.3" 
The deflection of roof relative to end wall using 
equation H- 3 1s 
~0.2 k/ft~ (60 ft~ 2 
8) (12 k in) (40 ) • 0.1875" 
Total shear deflection at midroof is 0.4875". 
Example IV 
Determine the s1ze of a diagonal brace that would 
be required to replace a diaphragm panel. Assume 
20' long diaphragm carries an average shear of 200 plf 
and has a stiffness of 10 k/1n as shown in Figure H-5. 
Note: If panels spanned the short dimension, G' 
would have been a smaller value. 
G' • ~ • 5 or A • ya Ala y 
The total deflection of the diaphragm is 
A • a S/G' • 18' x 0.20 k'ft • 0.36" 10 k/ n 
(a) Assuming the edge members of a large area, deter-
mine what diagonal size is required to replace the 
diaphragm from a strength viewpoint. 
The diagonal length is 
L • ja2 + s2 .. )<2o) 2 + (18) 2 • 26.91' 
The force in diagonal member is 
T • 26.91 X p • 26.91 (0.2 k 20 20 X 20) • 5. 382 
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The allowable tension stress is 
f • 20 k/1n 2 
t 
The minimum required area of the diagonal member is 
min. A • T • 5.382k • 0•269 in2 
req. ~ 20 k/in 2 
(b) Again, assuming the edge members of a large area, 
what diagonal area is required to replace the dia-
phragm from a stiffness viewpoint. As shown in 
Figure H-5, the relationship is found between the 








20 • 26.91 







e • 26.91 20 
• TL 
'Ar 
k kf (26 .91' > (5. 382 1 • 194.87 xr AE 
The minimum required area of the diagonal member is 
min. Areq. • 194.87 kf A • E 
194.87(kf) x 12" • 0.22 in 2 
• 0.36 X 29.5 X 103(k/in) 
For this example, the conclusion is that strength 
controls diagonal design and that the area (0.269 tn 2) 
makes the substitute system stiffer. 
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Example V: Mixed Shear Systems 
Consider the previous diaphragm and a 5/8" 
diagonal rod acting together. Determine the maximum 
design strength of the system if A~ 0.36". 
The total force in the diagonal member due to 
the deflection A • 0.36" is 
T • AAE (cos e) • [ 
T • 7.499k 
AAE [ 
The vertical component force Tv is 
Tv • T cos 8 • (7.499) ( 26 ~~ 1 ) • 5.573k 
and, since A • 0.36 corresponds to s • 0.20 K/ft of 
diaphragm, 
p. 5.573k + 0.20 k/ft (20'). 9.573k 
Comment: Ros is stiffer than diaphragm. 
Suppose the applied load is p'. 8000 lbs. How is 




T (26.91' x 12") (26.91) 
• ---._:_....~..::..=...:....:....::...-...:::......!:..::_..l.-_2=-- X 2 0 
(0.3068 in2) (29,500 k/in ) 
• 0.048 T (in/k) 
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B = 20' \ 
\ 
l d c cj_ 
-











Figure H-6. Mixed Length Panels 
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Since A • AS/G' • (A/G') (P/B) 
A • (18'/20') (P/G') • 0.9 (P/G') 
where P • total diaphragm force 
0.048 T (1n/k) • 0.9 (P/G') • 0.9 P <1o ~/in) 
• 0.09 P (in/k) 
T • 1. 875 P 
T • T ( 20 ) • 0 7432 T 
v 26.91 . 
and T + p • p v 
I 
0.7432 (1.875 P) + P • 8000 lbs. 
P • 3343 1 bs. 
Tv • 465 7 1 bs • 
T • 6268 lbs. 
check: A • aS/G' • 0.3" 
ev • 0.048 T • 0.3" 
Mixed Length Panels 
s • 167 plf. 
ft • 20,430 psi 
Considering panel lengths B for Region 1 and 82 
1 
for Region 2, as shown in Figure H-6. it has been 
determined that 
Gl • 12 k/1n 
G2 • 14 k/in 
8 • 13 1 and B • 17 1 1 2 
How does the combined system behave? If one 
defines an effective stiffness G' in this diaphragm 
G' • (Ph) (A/B) 
or A • PA (H-4) 
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The shears in Regions 1 and 2 are v 1 and v2 
v1 • P1/B1 • v2 • P2/B2 
Thus, v1 • (P1/B1) '" G'y ,. G' (A/A) 1 1 
v2 • (P2/B 2) .. G'y • G' (A/A) 2 2 
But p • P1 + P2 • 81v1 + B2v2 • (A/A) (B 1Gi + B2G,2) 
A • (H-5) 
Comparing Equations (H-4) and (H-5), therefore, 
G'B • B1Gl + B2Gl or G' • tG'tBi (H- 6) 
tBi 
then, the effective stiffness G' fn the mixed length 
diaphragm 1s 
G' • B1Gi + B2Gz 
81 + B2 
a (13 X 12i + (17 X 14) 
3 + 17 
• 13.13 k/1n 
B. Shear Strength 
Example VI 
Design the diaphragm system for the two bays 
portal frame as shown 1n Figure H-7 to resist the 
wfnd force. 
Given: A • 30', B • 24', H • 20' 
Wind Force • 20 psf 
Assume half wtnd pressure transferring to the eave: 





-2A • 60' 
q • 200 plf 
B 
-
I "', J 
I ,. /1 , 
B • 24' 
h-~----------~~E------------~-~raD 
.___ -- -- -- __. -~-
Figure H-7. Two Bays Portal Frame 
T 
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The total shear force applied at Member BE is 
Q • qA • (200)(20) • 4000 lbs. 
The shear force 1n line BE is 
Qw • 4000/25 • 160 plf 
If the joist spacing is 6•-o center to center, using 
the Narrow Rib Deck with standard welding size 
(5/8" t) on 22 gage (t • 0.03"), from shear stiff-
ness and strength formulas (Appendix F, Standard 
Evaluation Forms) to find the shear stiffnass G• and 
Su. (Calculationsof shear stiffness and strength are 
attached.) G1 • 11.84 k/in 
su • 344 plf 
From the "Load and Resistance Factor Design Method,• 
tSu • 1.1 (1.6 Qwm) 
where + • 0.637 for welded diaphragm 
tSu • (0.637)(344) • 219 plf 
(1.1)(1.6 QW) • 1.1 X 1.6 X 160 • 282 plf 
The allowable resistance shear force 219 plf is less 
than the design shear force 282 plf. The difference 
is 63 plf. It could be resisted by adding additional 
fasteners in edges and s1delaps or by adding •x• 
bracing system. 
Suppose by adding #12 TEK screws at 24• in side-
laps and edges, the ulti•ate strength of the diaphrag• 
is 
su • 510.8 plf 
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+Su • (0.637)(510.8) • 325.4 plf > 281.6 plf 
Provide additional 112 TEKS screws at 24" in edges 
and sidelaps to resist wind force. 
Example VII - Non-Symmetric Diaphragms 
As shown in Figure H-8, suppose the north wall 
is loaded at the eave with a line load of 140 plf. 
Columns are simple connections at the top and without 
moment resistance. Outer structural members are on 
masonry. Bending deflections are ignored. When 
0 < x <2A, the shear depth is 28, then the shear 
s 1 ope 1s 
~~ .. 5/2 qA - ~x - 3/5 R G' ( B) 
when 2A < x <SA, the shear depth is 38; thus 
5/2 qA - jx - 2/5 R G I ( B) 
Since the point c-3 1s shear wall, the deflection is 
t.R • 0 
• • "'R .. 0 i2A • 0 dy • 2~ • B ( f qAx - q 2 3 ~~2A r - "5 Rx 0 
(5/2) qA( 2A) - (q/2) (4A2) .. (3/5) R 2A 
. . R • (5/2) qA 
If the joist spacing is 6 1 -0" center to center, 
B • L • 24•. A • 30•. with standard welding size 
(5/BN+) on 22 gage (t • 0.030") Narrow Rib Deck, 
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5 @ A "' 150 1 
1 2 3 4 5 
B-





... ..... ... 0 
,.... 
I! 6 1 c-c Typ. -~ N 
L str'l.l Ill "' shear walls members ,.... ~ Cll typ. c ,...., 10 Q. 
c-
D--.-· 
1- 30 1 -r- 30 I + 30 1 -t- 30 I -t 
Roof Plan 
q = 140 plf 
f • I I I ~ I I I I I I I I I 1 R 
5/2 qA - 3/5 R 






f - - - I 








I I J 
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-t qA - L 
-- t 3/2 q;- - - _:4._:-A;-3/; qA 1 2A 
----
East Section JA 
West Section 
b) Separate diaphragms. 
Figure H-8. Non-Symmetric Diaphragms 







-- ~" ~\ I I 
Shear • 4200/48 
.. 87.5 plf 
Shear • 1050/24 
• 437.5 plf 
c) Shear forces d;str;bution 
20' 
_t-
Shear • 6300/72 
• 87.5 plf 




from shear stiffness formula (Appendix F. Standard 
Evaluation Form) to find the shear stiffness G'. 
(Calculation of shear stiffness in attached sheet.) 
G' • 11.84 k/in. 
The east section acts as a simple 40' beam and 
the maximum deflection is 
The beam lfne 3 may shorten somewhat. increasing 
deflection slightly. It may be ignored. 
lis • 0.140 klft (30 ft~ 2 • 0.111" 4(11.84 k/1n)(24t) 
The deflection on the west section is 
-¥x-· 3L2 ~A - gx 3G B 








The shear force on the east wall is 
s • qA • 4200 lbs. 
The shear force on the mid-wall is 
R • (5/Z)qA • 10500 lbs. 
• 0.166" 
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The shear force on the west wall is 
s • (3/2)qA • 6300 lbs. 
Assume masonry 12" hollow wall 20' high. the maximum 
deflection is 
max A = H = 
'3'60 
20 X 12 
360 
which might limit cracks. 
0.67" > 0.166" This may be ok. but it 
should check flexure stress. 
Shears in short wall are transmitted by Beam 3 
between lines A- c. Consider short wall as grouted. 
filled cell, nonreinforced masonry 12" thick, type M 
mortar. 
The allowable shear stress is 
F .. 34 psi 
v 
(Ref.: ACI Commentary 531 Title NO. 67-23, 1970) 
The resisting shear force is 
R .. 34 psi (12") (12 "/') v 
= 4869 plf > 437.5 plf 
There are several questions: 
1) What about force transfer along tops of shear 
walls? 
When the eave line load applied to the top of 
the roof, the forces are resisted by roof dia-
phragm actions, and transfer to the shear walls. 
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The shear forces along the tops of shear walls 
are resisted by the anchorages, and transfer to 
the foundations through shear walls. 
Shear force on midwall R = 10500 lbs., the 
length of shear wall CD is 24' and joist spacing 
is 6'. Assume shear force uniformly distributed 
to each anchorage, thus resistance of each anchor-
age R~ = 10500 lbs/5 = 2100 lbs. The allowable 
shear force of anchorage is 
f = 0.4 f = 0.4 x 0.36 ksi = 14.4 ksi 
u y 
Therefore, the required area of anchorage is 
A = (req'd} 
(0.75} 2100 lbs 
x 14400 psi 
= 0.11 sq. in./Ea. anchorage 
where 0.75 is wind factor to increase the design 
stress. 
Use 1" x 1/8" strip as anchorage, should be 
embedded in the masonry and welded to the bearing 
plate. 
2} What are the uplift problems and anchorage? 
The wind uplift forces are transferred by the 
joists to the shear walls and columns, which is 
dependent on the anchorage of joists and shear 
walls, and connection of joist and column, as 
shown in Figure H-9. 
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1" x 1/8"- 12" strap embedded 
in the masonry and welded to 
the bearing plate 
Joist 
Figure H-9. Masonry Anchor 
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Assume wind force is 20 psf, then the uplift 
force is 
20 psf x 0.6 (factor) = 12 psf 
Total uplift force on each anchorage 
= 12 psf x 6' x 15' = 1080 lbs. 
The allowable tension stress is 
f = 22 ksi t 
The required area of anchorage is 
A = (req'd) 1080 lbs 0 5 i /E 22000 psi • .a sq. n. a. Anchorage 
Provided 1" x l/8" strip as anchorage is adequate. 
The allowable bond stress is 
llo = 160 psi 
The minimum length of anchorage is 
2 (1/8" + 1") (160 psi) (1") • 1080 lbs. 
1 • 3" 
min 
provide 1" x 1/8" x 12" strip as anchorage 
to resist shear force and uplift force. 
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Panel Type: Narrow Rib Deck 
Sheet Length: L • 288 1n. 






Test Type: 01aph ragm 
Sheet Base 
Thickness: t • 0.03 1n. 
Diaphragm Width: a •360 in. 
Sheet Width: w1 = 24 1 n. Structural 
15 Fasteners: 5/8 Puddle Weld = 
Stitch Connectors: None 
No. of Sheet: nsh 
Purl in 
Effective Factor: ). .. 0.8 Young•s Modulus:E• 29500 ks1 
No. of Sheet-to-Sheet Connectors along L: ns = None 
No. of Edge Fasteners along Edge not at Purl1ns: ne • None 
Sheet-to-Sheet Fastener Flex. Factor: Ss • (in/kip) 
Sheet-to-Structure Fastener Flex. Factor: Sf .. 0.0069(1n/ldp) 
a1 • tx 1tw 1 • (12 + 12)/24 • 1.0 
a2 • txj/w 1 • (12 + 12)/24 • 1.0 
c = 2Et L Sf 
[ 2a 1 
"sh - 1 1 ] + a + npa 2 + 2n Sf/Ss 2a 1 + npa2 + ne s 
= 2(29500)(0.03)(~)(0.0069) [ 4 + 1 3 J = 29.3 30 2 + 3 2 + 
02 a 77.97/Lt1.5 a 52.1 01 • ---------
03 = -------------- om .. ------------
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G I • ~n--;---.,-,...;.E..;.t ~~~~..--2(1 + v)(s/d) + oX + C 
• 29500 ~0.03) 
2(1 + 0.3)(~) + 52.1x0.8 + 29.3 k1p/1n 
"'11.84 k/1n 
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SHEAR STRENGTH EVALUATION 
Panel Type: Narrow Rib 
Sheet Length: L • 24 ft. 
No. of Purlins: n = 3 p ___;;-____ 
Purlin Spacing: L5 =_I£_in. 
Nominal 
Sheet Width: w1 = 24 in. 
T e s t Type : _....;D::...i:_:a'""p"""'h..;;..r=a .._9 m'-----
Sheet Base 
Metal Thickness: t = 0.03in. 
Diaphrag• Width: a • 30 ft. 
Structural 
Fasteners: 5/8"+ Puddle Weld 
Stitch Connectors: 
No. Sheet-to-Sheet Connectors along L: ns • None 
No. of Edge Fasteners along Edge not at Purlins: "e • None 
n1 • (No. of End Connectors/Sheet)(No. of Sheets)+ 1• _11_ 
Purl1 n Conn. Layout 
f- w1 = 24" -----! 
~
Stitch Connector Strength 
Structural Conn. Strength 
(Figure 
(Figure 
End Conn. Layout 
1-- w1 = 24"--l 
~
) : Q • 
s 
) : Qf • 1812 




as = Os/Qf = ).1 = 1 = 0.779 
1 + ( [s )2 F = 45 ksi. 135 y 
a1 • IX /W • 1 1 (12 +12)/24 = 1. 0 
a2 = IX j /W 1 • 1.0 
Su • (2a 1 + npa 2 + ne) Qf/L 
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Light gage steel panels are widely used in the wall, 
roof and floor systems of buildings to transfer in-plane 
shear forces from one part of a structure to another. 
This action may provide for greater economy by reducing 
the load carried in many parts of the structure. The 
ability of a diaphragm to transfer shear force is depen-
dent upon the in-plane shear strength and it is particu-
larly sensitive to its shear stiffness. 
This research was undertaken for the purpose of 
evaluating the performance of various types of steel 
deck, when used as a shear diaphragm in buildings. The 
principal contribution is the formulations of shear 
strengths and stiffness. The theoretical solution treats 
different shapes, thicknesses, lengths and types of 
panels, purlins, and fasteners and establishes general 
formulas for shear stiffness and shear strength. Design 
tables and figures are given for diaphragm stiffness and 
strength to account for various factors in common steel 
diaphragm installations currently being used. 
"Standard Evaluation Forms" for stiffness and strength 
for many deck profiles are presented. Design examples 
and the comparison of experimental to theoretical results 
from full-scale tests are shown in appendices. 
Also, "Load and Resistance Factor Design (LRFD)" 
method for the diaphragm and its fasteners is described 
and then applied to examples of practical design situations 
so that it may be used to establish necessary margins of 
safety as related to the quality of construction. 
